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FOREWORD 


The  MITRE  Corporation  is  concerned  with  the  survivability  of  the 
Air  Force  Command  and  Control  Systems.  It  conducts  studies  in  this 
general  area  in  order  to  determine  the  levels  at  which  various  systems 
components  fail  and  investigates  Various  alleviating  measures  which  may 
be  employed  to  raise  the  levels  of  survivability. 

One  field  of  interest  is  the  emergency  repair  of  landline  communi¬ 
cations  following  a  nuclear  attack  when  large  important  land  areas  may 
be  contaminated  by  fallout. 

It  is  the  purpose  of  this  report  to  study  the  feasibility  of 
employing  radiation  protected  communications  repair  vehicles  for  shield¬ 
ing  repair  personnel  from  the  effects  of  radiation  while  working  and 
traveling  to  and  from  the  work  areas. 

Chapter  1  introduces  the  communications  repair  problem  and  states 
the  structure  of  the  study.  Chapter  2  contains  an  analysis  of  the  major 
communications  repair  problems  for  which  a  communications  repair  vehicle 
must  be  designed.  The  following  items  are  discussed:  (1)  the  nature  of 
the  damage  likely  to  occur  during  and  after  a  nuclear  attack,  (2)  the 
fallout  environment  in  which  the  repair  crew  must  make  repairs,  and 
(3)  the  tolerance  of  human  beings  to  nuclear  radiation.  Chapter  3  describes 
the  three  different  types  of  repair  vehicles  that  are  proposed:  the  first 
vehicle  shelters  a  two-man  crew  only  while  transporting  the  crew  to  and  from 
repair  points,  the  second  vehicle  shelters  a  larger  crew  only  while  trans¬ 
porting  the  crew  to  and  from  repair  points  for  team  relay  work  on  longer 
repair  jobs,  and  the  third  vehicle  shelters  a  two-man  crew  during  both 
travel  and  actual  repair  work.  The  results  of  the  sheltering  calculations 
for  these  three  vehicles  are  presented.  Chapter  4  contains  a  brief  analysis 
of  the  capabilities  of  the  repair  vehicles,  and  the  conclusions  and  recommen¬ 
dations  concerning  these  radiation  protected  repair  vehicles  are  presented 
in  the  final  chapter. 

This  document  reports  on  the  work  performed  for  MITRE  by  Technical 
Operations  Incorporated. 


ABSTRACT 

This  report  presents  the  results  of  an  initial  study  of  the  feasibility  of  a  radia¬ 
tion  protected  communications  repair  vehicle.  Chapter  1  introduces  the  communi¬ 
cations  repair  problem  and  states  the  structure  of  the  study.  Chapter  2  contains  an 
analysis  of  the  major  communications  repair  problems  for  which  a  communications 
repair  vehicle  must  be  designed.  The  following  items  are  discussed:  (1)  the  nature 
of  the  damage  likely  to  occur  during  and  after  a  nuclear  attack,  (2)  the  fallout  en¬ 
vironment  in  which  the  repair  crew  must  make  repairs,  and  (3)  the  tolerance  of  human 
beings  to  nuclear  radiation.  Chapter  3  describes  the  three  different  types  of  repair 
vehicles  that  are  proposed:  the  first  vehicle  shelters  a  two-man  crew  only  while 
transporting  the  crew  to  and  from  repair  points,  the  second  vehicle  shelters  a  larger 
crew  only  while  transporting  the  crew  to  and  from  repair  points  for  team  relay  work 
on  longer  repair  jobs,  and  the  third  vehicle  shelters  a  two-man  crew  during  both 
travel  and  actual  repair  work.  The  results  of  the  sheltering  calculations  for  these 
three  vehicles  are  presented.  Chapter  4  contains  a  brief  analysis  of  the  capabilities 
of  the  repair  vehicles,  and  the  conclusions  and  recommendations  concerning  these 
radiation  protected  repair  vehicles  are  presented  in  the  final  chapter. 
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CHAPTER  1 


INTRODUCTION 

This  report  summarizes  the  initial  investigations  carried  out  by  Technical  Opera¬ 
tions,  Incorporated,  for  The  MITRE  Corporation  under  Contract  M20459.  The  study 
was  concerned  with  the  feasibility  of  a  communications  repair  vehicle  that  would 
afford  radiation  protection  to  a  repair  crew  while  in  transit  to  and  from  a  damaged 
area  and  possibly  while  the  crew  performs  its  tasks.  Studies  were  confined  to 
communications  repairs  of  a  minor  nature,  and  emphasis  was  placed  on  the  use  of 
expedient  rather  than  permanent  repairs  whenever  possible,  because  of  the  impor¬ 
tance  of  speed  in  restoring  vital  communications  links.  Only  military  and  govern¬ 
mental  communications  needs  were  considered;  the  time  period  chosen  for  the  opera¬ 
tional  use  of  the  repair  vehicle  is  1965-1970. 

BACKGROUND 

In  the  event  of  a  nuclear  attack  upon  the  United  States,  it  is  of  the  utmost  impor¬ 
tance  that  communications  in  the  military  command  and  control  networks  be  maintained 
so  that  the  country's  offensive  and  defensive  forces  may  be  alerted,  released,  and  con¬ 
trolled  effectively  to  combat  the  attack.  Communications  vulnerability  studies,  how¬ 
ever,  have  demonstrated  the  likelihood  that  portions  of  the  communications  network 
will  be  rendered  inoperative  because  of  various  types  of  damage  ranging  from  major 
destruction  of  the  network  to  minor  destruction  that  is  repairable  within  a  reasonable 
length  of  time.  Major  damage  would  consist  of  the  destruction  of  a  network  or  that 
portion  of  a  network  situated  near  a  weapon  burst  point,  while  minor  damage  would 
consist  of  small  breaks  in  the  network  links,  either  in  the  cables  and  telephone  lines 
themselves  or  in  the  stations  and  radio  towers  that  control  the  networks.  In  addition, 
ordinary  equipment  failures  such  as  those  that  occur  during  peacetime  are  included 
in  this  study,  for  these  routine  repairs  become  vital  during  an  attack,  and  at  the 
same  time  their  execution  is  hampered  by  fallout  and  debris. 

Vital  communications  might  be  restored  by  rerouting  circuits  over  the  lines  that 
survive  an  attack  or  by  using  back-up  communications  systems  when  available.  In 
some  cases,  however,  it  may  be  possible  to  repair  the  damage  and  restore  the  existing 
circuits  in  time  to  be  of  considerable  value  if  repair  vehicles  and  crews  can  be  sent 


1 


quickly  to  the  damaged  point.  Because  the  damage  could  occur  in  an  area  contaminated 
by  fallout,  a  repair  vehicle  must  be  designed  and  operated  in  such  a  manner  that  its 
crew  can  make  the  necessary  repairs  without  receiving  whole  body  radiation  doses 
in  excess  of  a  specified  maximum, 

The  enemy  has  available  a  wide  variety  of  strategies  that  might  be  employed  in 
a  war  against  us,  and  no  one  knows  with  certainty  what  the  attack  plans  are  or  what 
they  may  be  in  the  future.  We  can  conduct  studies  to  determine  what  constitutes 
good  enemy  strategy,  however,  and  then  plan  accordingly.  Studies  on  enemy  strategy 
have  indicated  that  it  is  wise  in  some  cases  for  the  enemy  to  allocate  more  than  one 
weapon  to  important  targets  in  the  United  States,  while  In  other  cases  it  is  sufficient 
to  allocate  only  one  bomb.  If  the  enemy  attack  is  well  designed,  it  is  reasonable  to 
expect  considerable  variation  in  the  radiation  levels  of  various  areas  within  this 
country  during  and  after  attack, 

The  intensity  of  fallout  radiation  in  an  area  and  accordingly  the  amount  of  radia¬ 
tion  protection  required  for  a  repair  vehicle  in  that  area  depend  on  the  density  of 
targets  in  the  vicinity  and  on  the  type  and  number  of  weapons  directed  at  each  target. 
There  may  be  areas  having  approximately  the  same  damage  to  communications  but 
with  quite  different  fallout  levels.  Consequently,  a  repair  vehicle  that  is  feasible 
for  some  areas  may  be  too  lightly  protected  for  operation  in  other  areas. 

Radioactivity  decays  with  time,  and  therefore  the  feasibility  of  using  repair 
vehicles  is  also  a  function  of  the  size  of  the  time  increment  between  the  bomb  burst 
and  the  possible  commencement  of  repair  activity.  At  some  time  after  the  attack, 
the  lightly  protected  repair  vehicles  will  be  able  to  go  into  areas  where  previously 
the  radiation  levels  were  too  high.  Unfortunately,  however,  the  urgency  of  the  need 
for  communications  repair  is  greatest  during  and  immediately  after  attack,  before 
the  radioactivity  has  diminished  greatly, 

GENERAL  STRUCTURE  OF  THE  STUDY 

This  study  considers  a  variety  of  ground  and  airborne  communications  repair 
vehicles  that  are  capable  of  transporting,  sheltering,  and  assisting  repair  personnel 
who  are  to  work  in  contaminated  areas.  The  effort  is  divided  into  two  phases: 
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Phase  I:  Analysis  of  the  Environment  in  Which  the  Vehicle  Must  Operate 

This  phase  consists  of  two  parts:  first,  an  analysis  of  the  types  and 
extent  of  the  communications  damage  to  be  repaired,  and  second,  an 
investigation  of  the  effects  of  radioactive  fallout  on  the  environment. 

Phase  II:  Specification  and  Preliminary  Design  of  a  Communications  Repair 
Vehicle 

Phase  II  also  consists  of  two  parts:  first,  a  study  of  the  technical 
requirements  of  a  radiation  protected  communications  repair  vehicle 
with  the  presentation  of  various  specific  ground,  airborne,  and  com¬ 
bination  ground-airborne  designs,  and  second,  an  investigation  of  the 
operational  effectiveness  of  the  vehicles  hypothesized. 

In  addition ,  the  following  ground  rules  have  been  established  for  this  study: 

1.  This  study  is  concerned  with  repairs  to  network  links1  that  can  be  accom- 

0 

plished  by  a  team  of  repairmen  operating  from  a  single  vehicle. "  These 
repairs  are  to  be  carried  out  in  as  short  a  time  as  possible  and  frequently 
consist  of  temporary  rather  than  permanent  measures.  Emphasis  is  on 
repairing  critical  circuits  rather  than  on  restoring  whole-system  operation. 

2.  The  emphasis  of  the  study  is  on  technical  feasibility  rather  than  on  costs 
and  economic  feasibility. 

3.  All  vehicles  are  presumed  to  originate  from  sheltered  garages  or  from 
garages  located  at  points  that  are  remote  from  bomb  blasts  and  intense 
radiation . 

3 

4.  The  location  and  the  extent  of  the  damage  have  been  already  established 
and  are  known  by  the  repair  crew, 

5  ■  Repairs  to  underwater  cable  installations  are  not  to  be  considered  at  this 
time. 

1Network  links  are  defined  as  those  parts  of  the  communications  network  that  serve 
to  connect  or  link  the  various  communications  centers  or  terminals,  excluding  the 
communications  centers  themselves . 

2 

In  some  cases,  it  may  be  necessary  to  concentrate  teams  from  several  vehicles. 

3 

Many  problems  will  be  encountered  in  locating  and  evaluating  the  damage  and  in 
scheduling  emergency  repair  operations.  However,  this  limitation  was  necessitated 
by  the  amount  of  effort  to  be  expended  on  this  study  as  specified  by  The  MITRE 
Corporation. 
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CHAPTER  2 


THE  COMMUNICATIONS  REPAIR  PROBLEM 

The  first  objective  of  this  study  is  twofold:  to  determine  the  nature  of  the  com¬ 
munications  network  damage  for  which  the  repair  vehicles  and  crews  are  to  be  dis¬ 
patched  ,  and  to  determine  the  expected  levels  of  radiation  in  the  areas  where  damage 
is  likely  to  occur.  The  nature  of  the  damage  must  be  known  before  one  can  estimate 
the  length  of  time  needed  to  make  the  repairs.  The  levels  of  radiation  must  be  known, 
since  the  vehicles  are  required  to  operate  in  a  fallout  environment.  Together,  the 
repair  time  plus  the  radiation  level  will  give,  in  each  instance,  the  measure  for  the 
total  time  radiation  dose  to  which  the  vehicles  and  crews  are  exposed  during  the  re¬ 
pair  operation. 

NETWORK  DAMAGE 

Damage  to  communication  network  links  during  the  critical  period  at  the  time 
of  and  following  the  nuclear  attack  can  be  grouped  into  three  main  categories: 

1 .  Failures  brought  about  by  nuclear  bomb  detonations 

2.  Failures  that  ordinarily  occur  under  peacetime  operations 

3.  Failures  brought  about  by  sabotage. 

NUCLEAR  DETONATIONS 

Nuclear  bomb  detonations  produce  blast  waves  that  cause  extensive  damage  to 
nearby  structures.  The  loading  or  drag  forces  of  the  wind  following  the  passage  of 
a  blast  wave  bring  about  damage  to  microwave  radio,  UHF  radio,  television  towers, 
telephone  lines  and  poles,  and  suspended  cables.  The  peak  overpressure  associated 
with  the  blast  wave  can  collapse  buildings  by  compression  at  the  same  time  that  wind 
loadings  are  bringing  down  poles  and  towers.  Direct  thermal  radiation  from  the  deto¬ 
nation  is  likely  to  start  many  fires  in  structures  and  materials  located  in  the  area 
surrounding  ground  zero.  Both  the  direct  thermal  radiation  and  the  heat  and  structure 
collapse  brought  about  by  induced  fires  can  disrupt  nearby  communication  lines. 

The  bomb  will  destroy  any  buried  cable  that  runs  through  the  crater  area.  Out¬ 
side  the  crater  area,  cable  breaks  and  other  equipment  damage  will  be  brought  about 
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by  the  ground  shock  wave  with  its  accompanying  shifting  and  movement  of  the 
ground , 

PEACETIME  FAILURES  AND  SABOTAGE 

In  addition  to  the  damage  from  bomb  detonations,  consideration  must  be  given 
to  network  breaks  occurring  as  a  result  of  other  causes,  such  as  damage  from 
storms,  fires,  and  floods,  or,  in  a  state  of  war,  from  sabotage.  Random  breaks 
due  to  ordinary  wear,  short  and  open  circuits,  and  tube  failure  could  also  occur. 

Table  1  illustrates  the  kinds  of  damage  and  malfunction  in  communication  links 
that  a  communications  repair  vehicle  should  be  capable  of  repairing.  Data  are  pre¬ 
sented  on  (1)  the  nature  of  the  damage,  (2)  the  cause  of  the  damage,  (3)  the  nature 
of  the  applicable  repair,  and  (4)  the  requirements  imposed  on  the  repair  crew, 

For  the  purposes  of  analysis,  a  repair  area  may  be  defined  as  the  area  within  a 
circle  centered  at  ground  zero  having  a  radius  just  large  enough  so  that  all  bomb- 
induced  damage  to  communications  links  will  fall  within  it.  Table  1  and  the  report, 
"The  Effects  of  Nuclear  Weapons,"1  give  the  statistics  by  which  the  radius  of  the  re¬ 
pair  area  can  be  determined . 


THE  FALLOUT  ENVIRONMENT 

In  an  attack  on  the  continental  United  States,  it  is  expected  that  the  enemy  would 
strive  for  the  destruction  of  our  installations  and  equipment  through  the  use  of  surface 
bursts  of  nuclear  weapons  rather  than  air  bursts  and  that  these  nuclear  weapons  would 
be  of  megaton  size.  Although  data  obtained  from  explosions  of  large  nuclear  weapons 
are  incomplete,  many  facts  are  known  and  will  be  reviewed  briefly. 

BASIC  MECHANISM 

When  a  nuclear  weapon  is  exploded  on  the  ground,  a  crater  is  formed  under  the 
detonation,  and  the  displaced  earth  is  broken  up  into  small  particles  due  to  the  violent 

1U.S.  Government  Printing  Office,  "The  Effects  of  Nuclear  Weapons" 

(Washington,  D.C.:  1957)  p.  253. 
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motions  within  the  fireball.  These  particles  become  radioactive  as  a  result  of  the 
condensation  and  collection  of  the  fission  products  of  the  bomb.  Also,  these  particles 
rise  with  the  fireball  and  become  distributed  throughout  the  mushroom-shaped  cloud. 

The  cloud  appears  to  stabilize  a  short  time  after  the  burst  (in  about  ten  minutes  for  a 
10-MT  weapon),  after  which  time  the  gravitational  and  meteorological  forces  start 
to  dominate  the  behavior  of  the  cloud  particles.  As  the  particles  fall,  they  are 
influenced  by  winds  at  different  altitudes.  The  heavier  particles  fall  near  ground 
zero  while  the  lighter  ones  are  distributed  at  various  distances  downwind.  The 
radioactive  particles  that  fall  on  the  ground  are  responsible  for  the  contamination 
in  downwind  areas  and  are  referred  to  as  fallout.  In  speaking  of  fallout,  one  can  also 
speak  of  fallout  levels;  this  term  refers  to  the  amount  of  contamination  at  any  point 
caused  by  the  particles  that  fall  at  that  point  (or  in  the  vicinity  of  that  point), 

FACTORS  INFLUENCING  FALLOUT 

The  final  position  on  the  ground  of  the  radioactive  particles  from  a  single  detona¬ 
tion  (and  the  resultant  fallout  level  at  any  point)  is  determined  by  a  large  number  of 
physical  parameters,  the  most  important  of  whloh  are: 

1.  Weapon  size 

2.  Particle  size  distribution  in  the  cloud 

3.  Wind  field  from  the  top  of  the  cloud  to  the  ground 

4.  Radioactivity  associated  with  the  different  particle  sizes. 

The  reasons  why  these  factors  influence  fallout  are  discussed  in  Appendix  A  of 
this  report,  but  it  should  be  kept  In  mind  that  these  factors  are  not  independent,  but 
are  interrelated  in  their  influence  upon  fallout. 

FALLOUT  MODEL 

2 

For  this  study,  a  mathematical  model  of  the  fallout  process  was  used  to  describe 
the  fallout  environment.  This  model,  coupled  with  representative  prevailing  wind  data, 
was  used  to  produce  geographic  plots  of  isodose-rate  contours,  as  illustrated  in  Figure  1. 


2 

This  model  is  discussed  briefly  in  Appendix  A. 
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SCALE  IN  MILES 


ONE  7  MT  WEAPON 
WINTER  WIND  CONDITIONS 


Figure  1 .  Isodose-Rate  Contours  at  One  Hour  After  Burst 

Presentation  of  the  Fallout  Data  in  a  Form  Suitable  for  Operations  Analysis  of  a 
Communications  Repair  Vehicle 

As  explained  above ,  radioactivity  resulting  from  a  nuclear  attack  will  be  dis¬ 
tributed  over  the  country  under  the  action  of  winds .  While  particles  are  falling  down¬ 
ward  from  the  bomb  cloud  and  after  they  have  arrived ,  particle  radioactivity  will 
diminish  in  accordance  with  known  radioactivity  decay  rates.  It  is  to  be  expeoted 
that  immediately  after  a  nuclear  detonation  a  relatively  small  area  around  ground 
zero  will  be  exposed  to  a  high  radiation  intensity  (dose  rate),  and  in  subsequent 
time  periods  large  areas  downwind  from  ground  zero  will  be  exposed  to  lesser  in¬ 
tensities.  Since  a  measure  of  radiation  field  intensity  (roentgens  per  hour)  is  basio 
to  all  calculations  relating  to  human  endurance ,  data  on  field  intensity  with  respeot 
to  time  were  sought.  The  fallout  model  mentioned  previously  was  used  to  determine 
geographical  isodose-rate  contours ,  which  are  summarized  in  graphs  of  a  form 
directly  useful  for  operational  effectiveness  evaluations.  These  graphs  show  the 
per  cent  of  a  specified  geographical  area  that  is  exposed  to  a  dose  rate  of  less  than 
R  roentgens  per  hour  as  a  function  of  time  after  detonation. 
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A  measure  of  the  operational  effectiveness  of  alternative  repair  vehicles  is  the 
number  of  repairs  of  some  representative  type  that  they  might  be  able  to  accomplish. 
Unshielded  vehicles  would  be  restricted  from  operating  in  large  areas  because  their 
operators  and  other  personnel  would  receive  unacceptably  large  doses.  Vehicles 
with  large  shelter  factors  could  operate  in  more  of  the  fallout  area  than  the  less 
well-sheltered  vehicles.  When  comparing  alternate  vehicles,  one  must  hold  con¬ 
stant  both  the  maximum  acceptable  human  dose  and  the  nature  of  the  repairs  to  be 
accomplished,  while  allowing  other  factors  to  vary.  One  can  take  the  amount  of 
area  in  which  a  vehicle  can  operate  as  a  first  approximation  of  the  number  of  re¬ 
pair  tasks  which  that  vehicle  can  attempt. 

The  operational  effectiveness  for  repair  vehicles  can  be  estimated  when  two 
vehicle  parameters  are  known.  These  parameters  are:  (1)  the  effective  vehicle 
shelter  factor  (attenuation),  and  (2)  the  effective  duration  of  exposure  (a  composite 
of  repair  time  and  travel  time). 

HUMAN  TOLERANCE  TO  NUCLEAR  RADIATION3 

Human  tolerance  to  nuclear  radiation  is  a  function  of:  (1)  the  total  absorbed  dose, 
(2)  the  rate  of  absorption,  and  (3)  the  region  and  area  of  body  exposure.  The  genetic 
effects  of  nuclear  radiation  are  cumulative  and  depend  largely  on  the  total  dose  re¬ 
ceived.  The  remaining  biological  effects  are  also  influenced  by  the  rate  of  absorption, 
and  they  decrease  with  decreasing  rates  of  exposure.  It  is  well  known  that  the  human 
body  is  accustomed  to  recovering  from  exposure  to  radiation  from  natural  sources  re¬ 
ceived  continuously  over  a  long  period  of  time:  the  average  human  being  receives  a 
total  of  10  to  12  roentgens  of  nuclear  radiation  during  a  lifetime.  The  importance  of 
the  dose  rate  lies  in  the  fact  that,  if  the  dose  rate  is  not  too  large,  the  body  can  par¬ 
tially  recover  from  the  radiation  injury  while  still  being  exposed.  Areas  of  the  body 
may  be  classified  as  to  their  sensitivity  to  radiation  as  follows:  (1)  most  sensitive  — 
lymphoid  tissue,  bone  marrow,  spleen,  reproductive  organs,  and  gastro-intestinal 
tract,  (2)  intermediately  sensitive —  skin,  lungs,  kidney,  and  liver,  (3)  least  sen¬ 
sitive  —  muscle  and  full-grown  bones.  Restricted  exposure  results  in  less  severe 

3U. S.  Government  Printing  Office,  "The  Effects  of  Nuclear  Weapons," 
(Washington,  D.  C. :  1957)  Chapter  11. 
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injury  because  of  the  ability  of  the  unexposed  sections  of  the  body  to  contribute  to 
the  recovery  of  the  injured  areas. 

In  this  study,  a  distinction  is  also  made  between  the  long-range  effects  of  nuclear 
radiation,  such  as  cataracts,  leukemia,  and  genetic  mutations,  and  the  effects  occur¬ 
ring  within  the  one-  to  two-day  period  after  dose  reception. 

Tables  2,  3,  and  4  summarise  the  data  on  human  tolerance  to  radiation.  A  more 
detailed  discussion  will  be  found  in  Appendix  A. 

Exposure  Limits  for  Repair  Missions 

If  the  repair  of  communications  facilities  is  to  be  effected  as  rapidly  as  possible 
after  the  attack,  it  is  inevitable  that  some  personnel  will  be  exposed  to  high  intensity 
radiation  during  the  performance  of  their  duties.  It  is  imperative  that  the  accumulated 
dose  be  kept  below  the  lethal  level,  but  sufficient  latitude  exists  over  the  range  of  per¬ 
missible  doses  to  allow  a  trade-off  between  the  essential  repairs  that  must  be  accomp¬ 
lished  and  the  dosage  acquired  by  the  personnel  engaged  in  these  tasks .  For  purposes 
of  this  study  we  shall  be  concerned  with  the  nuclear  radiation  effects  occurring  from 
acute  whole-body  exposure  to  doses  in  the  range  of  25-250  roentgens.  The  lower  limit 
of  25  roentgens  is  the  approximate  threshold  below  which  acute  exposure  will  produce 
no  detectable  clinical  effects.  Survival,  while  possible,  is  by  no  means  certain  with 
whole-body  exposure  in  doses  greater  than  250  roentgens. 

For  this  report,  we  have  chosen  the  upper  limit  of  250  roentgens  as  the  maximum 
allowable  dose  to  be  considered  for  repair  personnel.  This  choice  was  based  primarily 
on  a  consideration  of  short- term  effects ,  because  it  was  felt  that,  until  survival  was 
insured  for  the  first  few  days  after  the  attack,  the  long-  term  effects  were  of  secondary 
importance.  Whole-body  exposure  to  a  radiation  dose  in  the  range  of  100  -250  roentgens 
will  probably  not  prove  fatal,  and  the  most  disabling  symptoms  will  appear  during  the 
first  day  of  exposure.  If  the  individual  is  able  to  overcome  possible  nausea  and  vomit¬ 
ing,  he  should  be  able  to  carry  on  his  usual  duties  during  the  one-  to  two-day  period 
within  which  the  important  repair  effort  is  needed. 
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TABLE  2 


EXPECTED  EFFECTS  OF  ACUTE  WHOLE-BODY  RADIATION  DOSES4 


ACUTE  DOSE 
(ROENTGENS) 

EFFECTS  ON  THE  HUMAN  BODY 

0  to  50 

No  obvious  effect,  except  possibly  minor  blood  changes 

80  to  120 

Vomiting  and  nausea  for  about  1  day  in  5  to  10  per  cent  of  ex¬ 
posed  personnel.  Fatigue  but  no  serious  disability. 

130  to  170 

Vomiting  and  nausea  for  about  1  day,  followed  by  other  symp¬ 
toms  of  radiation  sickness  in  about  25  per  cent  of  personnel.  No 
deaths  anticipated. 

180  to  220 

Vomiting  and  nausea  for  about  1  day,  followed  by  other  symp¬ 
toms  of  radiation  sickness  in  about  50  per  cent  of  personnel.  No 
deaths  anticipated. 

270  to  330 

Vomiting  and  nausea  in  nearly  all  personnel  on  first  day,  followe 
by  other  symptoms  of  radiation  sickness.  About  20  per  cent 
deaths  within  2  to  6  weeks  after  exposure;  survivors  convales¬ 
cent  for  about  3  months . 

400  to  500 

Vomiting  and  nausea  in  all  personnel  on  first  day,  followed  by 
other  symptoms  of  radiation  sickness.  About  50  per  cent  deaths 
within  1  month;  survivors  convalescent  for  about  6  months. 

550  to  750 

Vomiting  and  nausea  in  all  personnel  within  4  hours  from  ex¬ 
posure,  followed  by  other  symptoms  of  radiation  sickness.  Up 
to  100  per  cent  deaths;  a  few  survivors  convalescent  for  about 

6  months. 

1000 

Vomiting  and  nausea  in  all  personnel  within  1  to  2  hours.  Prob¬ 
ably  no  survivors  from  radiation  sickness. 

5000 

Incapacitation  almost  immediately.  All  personnel  will  be  fatali¬ 
ties  within  1  week. 

4Ibid . ,  p.  471. 
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TABLE  3 


SUMMARY  OF  CLINICAL  SYMPTOMS  OF  RADIATION  SICKNESS® 


TIME  AFTER 
EXPOSURE 

SURVIVAL 
PROBABLE 
(250  r  to  100  r) 

SURVIVAL 
POSSIBLE 
(550  r  to  300  r) 

SURVIVAL 
IMPROBABLE 
(700  or  more) 

1st  week 

Possibly  nausea, 
vomiting,  and 
diarrhea  on  first  day. 

Nausea,  vomiting, 
and  diarrhea  in  first 
few  hours. 

i 

Nausea,  vomiting, 
and  diarrhea  in  first 
few  hours. 

• 

2nd  week 

No  definite  symptoms 
(latent  period) . 

No  definite  symptoms 
(latent  period) . 

No  definite  symptoms 
in  some  cases  (latent 
period) . 

3rd  weok 

Epilation 

Loss  of  appetite  and 
malaise 

Sore  throat 
Hemorrhage 

Purpura 

Petechiae 

Pallor 

Diarrhea 

Moderate  emaciation. 

Epilation 

Loss  of  appetite  and 
general  malaise 
Fever 

Hemorrhage 

Purpura 

Petechiae 

Nosebleeds 

Pallor 

Inflammation  of 
mouth  and  throat 
Diarrhea 

Emaciation. 

Diarrhea 

Hemorrhage 

Purpura 

Inflammation  of  mouth 
and  throat 

Fever 

Rapid  emaciation 

Death  (mortality  prob¬ 
ably  100  per  cent). 

4th  week 

Recovery  likely  in 
about  3  months  unless 
complicated  by  poor 
previous  health  or 
superimposed  inju¬ 
ries  or  infections  ■ 

Death  in  most  seri¬ 
ous  cases. 

(Mortality  50  per 
cent  for  450 
roentgens . ) 

.. 

5 Ibid. ,  p.  477. 
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TABLE  4 


SUMMARY  OF  11  CASES  OF  ACCIDENTAL  ACUTE  WHOLE-BODY  RADIATION6, 7 


DOSE  (REM*) 

SYMPTOM 

TIME  TO 

ONSET  OF  SYMPTOM 

6,000  -  18,000 

Shock,  Loss  of  Consciousness 

1/4  Hour 

Death 

36  Hours 

600  -  1,000 

Nausea  and  Vomiting 

1  Hour 

365 

Nausea  and  Vomiting 

2  Hours 

327 

Nausea  and  Vomiting 

2  Hours 

270 

Nausea  and  Vomiting 

4  Hours 

236 

Nausea 

2  Hours 

69 

None 

3|( 

Roentgen  Equivalent  Mammal 


g 

Jammet,  H. ,  et  al,  "Study  of  Six  Cases  of  Accidental  Acute  Whole-Body  Irradia¬ 
tion,'1  Revere  Francaise  d' Etudes  Cliniques  et  Biologiques,  IV,  210-225  (1959). 

7 

Hempelmann,  L.H.,  Lisco,  H.,  and  Hoffman,  J.G.,  "The  Acute  Radiation 
Syndrome:  A  Study  of  Nine  Cases  and  a  Review  of  the  Problem, "  Ann.  Int.  Rad. , 
36,  279  (1952). 
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CHAPTER  3 


REPAIR  VEHICLES  SYSTEMS 

A  system  of  vehicles,  to  be  feasible  for  operation  within  a  fallout  environment, 
must  provide  the  necessary  degree  of  radiation  protection  to  keep  the  repair  per- 
sonnel  from  receiving  harmful  doses  of  radiation  while  they  perform  various  re¬ 
pair  tasks.  In  Chapter  2  of  this  report  we  presented  the  estimates  of  the  intensity 
of  the  fallout  threat  and  the  likely  damage  that  might  be  repaired  quickly.  In  this 
chapter  we  shall  discuss  the  types  of  vehicles  that  have  been  considered  for  the 
repair  objectives, 

Any  system  of  repair  vehicles  for  use  with  land-line  communications  networks 
must  perform  two  basic  tasks: 

1.  Transport  crews  and  equipment  to  and  from  the  repair  point  or  points 

2.  Provide  support  to  the  repair  crew  while  repair  is  in  progress. 

PROPOSED  SCHEMES  OF  OPERATION 

Because  the  need  for  sheltering  and  the  ease  with  which  it  can  be  obtained  differ 
for  the  two  tasks  mentioned  above ,  it  is  helpful  to  consider  the  two  tasks  somewhat 
independently.  Thus  we  may  consider  the  pay-off  for  providing  a  shelter  that  pro¬ 
tects  personnel  in  transit  and  another  that  protects  personnel  engaged  in  actual  re¬ 
pair  activity.  To  combine  the  two  tasks  in  a  meaningful  way,  a  plan  or  scheme  of 
operation  is  needed.  There  are  many  schemes  of  operation  that  might  be  used  for 
the  repair  of  vital  circuit  damage.  A  representative  group  of  these  schemes  is 
discussed  in  the  following  paragraphs. 

Repairs  to  microwave  links  differ  from  repairs  to  the  more  usual  types  of 
land  lines  in  terms  of  the  number  of  personnel  involved,  the  skills  involved,  and  the 
types  of  equipment  required.  Consequently,  a  discussion  of  the  microwave  repair 
problem  is  presented  separately  at  the  end  of  this  chapter. 

SCHEME  I  -  SHELTER  IN  TRANSIT 

The  first  operational  scheme  considered  consists  of  the  normal  repair  opera¬ 
tions  carried  out  under  peacetime  conditions,  but  with  the  use  of  a  specially  built 
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vehicle.  Under  normal  conditions,  repair  vehicles  are  dispatched  to  the  repair 
points  by  radio.  Current  American  Telephone  and  Telegraph  (A.  T.&  T,  )*  opera¬ 
tions  rely  most  heavily  on  one-  or  two-man  repair  and  construction  teams  for  work 

on  aerial  wires  and  cables.  A  cable-splicing  crew,  for  example,  consists  of  one  or 

o 

two  men  and  a  small  truck  that  has  an  aerial  ladder  with  a  platform  on  its  top  to 
support  the  man  while  he  splices  wires  at  cable  height.  The  same  truck  and  crew 
is  used  also  when  splices  are  being  made  on  buried  cables  or  on  cables  in  man¬ 
holes.  An  aerial  cable-stringing  crew  consists  of  two  men,  one  who  rides  in  a 

2 

controllable  boom-supported  bucket  and  works  at  cable  height,  and  one  who  drives 

the  truck  and  performs  the  ground  tasks.  The  vehicle  Is  equipped  so  that  the  two- 

man  crew  can  perform  all  the  tasks  required  for  permanently  fastening  lengths  of 

g 

cable  on  poles  accessible  to  the  vehicle.  Even  pole  setting,  a  task  that  was  per¬ 
formed  previously  by  crews  of  five  or  more  men,  is  now  performed  by  a  crew  of 
two  men  and  a  special  vehicle  having  a  highly  mobile,  powered  auger  and  a  boom  for 
pole  handling.  The  placing  of  poles,  however,  appears  to  be  a  task  that  would  not 
be  performed  at  all  when  the  speed  of  vital  communications  restoration  is  of  impor¬ 
tance.  When  faced  with  the  need  to  restore  communications  quickly,  current 
A.  T.  &  T.  procedures  are  to  string  a  temporary  jumper  wire  on  the  ground  and 
splice  it  Into  service.  Later,  the  more  permanent  aerial  cable  is  repaired  and 
put  back  into  service. 

A  scheme  of  operation  patterned  after  current  procedures ,  but  adapted  to  a 
fallout  environment,  would  be  based  on  vehicles  comparable  to  these  two-man 
vehicles  currently  in  use.  The  vehicles  would  support  two-man  teams  and  would 
be  designed  to  provide  a  large  shelter  factor  to  the  crew  in  transit.  During  cable 
laying  or  splicing  operations,  the  use  of  current  types  of  vehicles  and  procedures 
would  virtually  eliminate  the  possibility  of  providing  a  large  shelter  factor  for  the 
working  personnel.  One  man  of  the  two-man  crew  would  control  the  vehicle  from 
within  the  sheltered  driver's  compartment  and  would  act  as  a  safety  stand-by. 

*Based  on  interviews  with  representatives  of  the  New  England  Telephone  and 
Telegraph  Company  and  of  A.  T,  &T,  's  New  York  office. 

2 

See  Appendix  B. 
o 

The  vehicle  must  be  able  to  get  within  ten  feet  of  the  poles, 
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The  other  man  would  perform  splicing  or  cable  stringing  work  and  be  relatively 
unprotected  by  the  vehicle.  The  difference  in  the  effective  dose  rates  of  the  two 
positions  could  be  reduced  by  having  the  two  crew  members  exchange  positions 
after  a  specified  dose  had  been  absorbed  by  the  less  sheltered  worker.  It  is  obvi¬ 
ous  that  in  such  a  scheme  individual  dose  meters  and  dose  rate  meters  are  a 
necessity  for  the  intelligent  application  of  available  repair  manpower. 

A  dispatching  procedure  to  provide  over-all  vehicle  system  control  is  also 
essential.  Civil  Defense  damage  and  fallout  data,  or  other  data  indicating  general 
predictions  of  dose  rate  contour  movements ,  must  be  utilized  at  central  dispatching 
offices.  Circuit  data  and  possibly  detailed  network  reconnaissance  information 
must  also  be  made  available  to  .the  dispatcher  so  that  he  can  make  estimates  of  the 
places  where  vital  communications  repair  might  be  performed  safely.  Once  the 
approximate  locations  of  possible  repairs  have  been  determined,  vehicles  would  be 
dispatched  from  the  garage.  The  crews  would  monitor  their  instruments  during 
the  repair  mission  and  would  allow  a  sufficient  margin  to  return  safely  to  the  shelter 
of  the  central  garage.  In  areas  of  light  fallout,  a  crew  might  perform  task  after 
task  as  instructed  by  radio  dispatch,  but  would  have  to  maintain  a  current  estimate 
of  the  dose  that  would  be  encountered  during  the  return  to  the  garage,  with  a  margin 
of  safety  to  account  for  unforeseen  radiation  intensity  changes.  Even  in  this  case, 
the  crew  must  be  capable  of  determining  when  it  must  stop  work  and  return  to  the 
safoty  of  the  garage,  in  order  to  assure  survival. 

An  artist' s  conception  of  this  two-man  shelter-in-transit  vehicle  is  presented 
in  Figure  2.  It  should  be  noted  that  the  vehicle  is  equipped  with  tracks  to  allow  it 
to  climb  through  rubble  and  over  small  obstacles.  A  flexibly  mounted  periscope 
provides  visibility  for  driving  and  for  communications  line  inspection.  Figure  2 
and  the  other  artist' s  conceptions  that  follow  represent  only  initial  vehicle  concepts 
and  should  not  be  construed  to  represent  the  final  judgments  of  Tech/Ops  as  to  the 
best  configuration  of  a  repair  vehicle. 

SCHEME  II  -  TEAM  CONCEPT  WITH  SHELTER  IN  TRANSIT 

The  second  operational  scheme  to  be  considered  is  more  closely  tailored  to  the 
requirements  of  a  fallout  environment.  Because  of  the  limitations  imposed  by  the 
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Figure  2.  The  Two- Man  Transit  Shelter  Vehicle 


radiation  dose  that  would  be  received  by  the  personnel  making  r  epairs  in  unsheltered 
places,  consideration  was  given  to  operating  schemes  that  could  extend  the  time  of 
usefulness  of  a  vehicle.  A  team  concept  was  proposed  for  this  purpose.  In  this 
scheme,  a  heavily  sheltered  vehicle  would  carry  a  team  to  a  repair  point,  and  then 
the  team  would  accomplish  the  repair  by  having  one  or  two  members  work  In  the 
relatively  poor  shelter  of  a  repair  point  until  they  receive  some  predetermined 
amount  of  radiation  dose.  At  this  time,  they  would  return  to  the  shelter  of  tho 
vehicle  and  be  replaced  on  the  repair  task  by  other  members  of  the  team.  When 
all  team  members  have  been  exposed  to  the  precalculated  dose,  or  when  the  repair 
has  been  accomplished ,  the  sheltered  vehicle  would  return  to  its  heavily  sheltered 
garage. 

The  vehicles  required  for  this  scheme  of  operation  differ  in  one  important  re¬ 
spect  from  the  vehicles  previously  discussed.  They  must,  in  this  case,  have  a 
heavily  sheltered  crew  compartment  that  is  larger  (capable  of  sheltering  more 
people)  than  the  crew  compartments  of  the  previously  described  vehicles.  This 
type  of  vehicle  would  allow  a  greater  amount  of  vehicle  time  to  be  spent  at  a  single 
important  repair  site  and,  therefore,  would  allow  more  lengthy  repairs  to  be 
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accomplished  than  the  previously  discussed  vehicle.  However,  this  type  of  vehicle 

4 

is  wasteful  of  repair  manpower,  since  only  a  part  of  the  whole  crew  can  work  at 
one  time. 

Figure  3  is  an  artist's  conception  of  this  vehicle  while  it  stands  by  at  a  buried 
cable  repair  point. 


Figure  3.  The  Four-  or  Five-Man  Transit  Shelter  Vehicle 
SCHEME  HI  -  THE  WORK  CAPSULE 

The  third  operational  scheme  to  be  considered  Is  one  that  provides  shelter 
while  repairs  are  being  performed.  This  scheme,  through  necessity,  involves  a 
vehicle  of  a  somewhat  different  type  than  the  others  previously  discussed.  The 
vehicle  must  be  capable  of  allowing  the  repairs  to  be  made  within  a  protected  cap¬ 
sule.  In  addition  to  a  sheltered  driver's  compartment,  a  sheltered  work  compart¬ 
ment  (or  extension  of  the  driver's  compartment)  must  be  provided  within  an 

'  A 

It  is  not  feasible  to  have  more  than  about  two  men  working  at  the  same  splice 
point,  because  in  larger  numbers  the  workers  would  get  in  each  other's  way. 
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opening  through  which  cables  and  wire  ends  can  be  led  into  and  out  of  the  work  com¬ 
partment.  The  tools,  equipment,  and  supplies  required  for  repair  operations  must 
be  available  to  the  repair  crew  within  the  work  compartment. 

The  impact  of  these  requirements  on  the  design  of  the  shelter  for  this  vehicle 
is  that  the  sheltering  efficiency  for  the  vehicle  will  not  be  so  high  as  it  might  be 
otherwise.  In  other  words,  for  a  given  gross  vehicle  weight  limitation,  a  vehicle 
of  this  type  would  not  have  so  large  a  shelter  factor  as  could  be  attained  In  a  vehicle 
of  either  of  the  types  discussed  previously.  For  the  repair  of  aerial  cables  and  open 
wire  damage,  this  type  of  vehicle  has  important  advantages.  The  operating  scheme 
appropriate  for  this  vehicle  is  very  simple,  since  all  crew  members  are  equally 
sheltered.  Work  that  is  required  outside  the  vehicle  (securing  cable  ends,  clearing 
obstacles,  etc. )  should  be  shared  by  all  crew  members  to  equalize  their  absorbed 
doses.  Additional  vehicle  modifications,  which  would  allow  the  remote  manipula¬ 
tion  of  damaged  cable  segments,  could  eliminate  much  if  not  all  of  the  need  for  out¬ 
side  crew  activity.  For  instance,  if  a  controllable  boom  or  telescoping  hydraulic 
arm  were  attached  to  the  vehicle  and  fitted  with  manipulators,  cable  shears,  and 
an  in-haul  device,  many  cable  or  wire  repairs  could  be  performed  from  within  the 
work  compartment.  First,  the  arm  would  be  extended  to  cut  loose  a  sufficient 
length  of  cable  from  its  supporting  poles,  and  then  the  loose  cable  end  would  be 
hauled  toward  the  vehicle  and  in  through  an  opening  in  the  floor  or  side  of  the  work 
compartment.  The  loose  end  of  a  jumper  cable  or  wire  would  be  attached  to  the 
appropriate  wires  from  the  damaged  cable,  and  the  spliced  joint  would  then  be 
pushed  back  outside  of  the  work  compartment  onto  the  ground.  In  most  cases, 
jumper  cables  could  be  laid  directly  on  the  ground.  When  necessary,  however, 
suitable  fixtures  could  be  added  to  the  manipulator  boom  to  allow  the  jumper  to  be 
hung  onto  available  poles  or  other  available  structures.  Next,  this  vehicle  (or  a 
second  one)  would  string  the  jumper  cable  to  the  point  where  its  other  end  is  to  be 
connected  to  bridge  a  gap,  and  the  preceding  operation  would  be  repeated.  Splicing, 
in  this  ease,  might  also  involve  circuit  testing  (when  circuit  continuity  is  re-established), 
and  therefore  some  testing  equipment  should  be  provided  within  the  work  compartment. 

Temporary  repairs  to  buried  cables  or  cables  in  conduit  would  require  a  different 
sort  of  operating  procedure.  For  the  quickest  communications  restoration,  jumper 
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cables  would  have  to  be  run  between  the  manholes  or  terminals  on  either  side  of  the 
damage.  A  man  would  be  required  to  enter  the  manhole  and  attach  the  end  of  a 
jumper  cable  to  the  appropriate  terminals.  The  radiation  protection  afforded  by 
the  manhole  itself  would  be  of  great  advantage.  If  an  arrangement  were  made  in 
the  design  of  the  vehicle  to  allow  the  vehicle  to  be  driven  over  the  manhole  to  act 
as  a  "skyshir.e’’  barrier,  manhole  shelter  factors  in  excess  of  100  could  be  expected. 
Even  better  shelter  factors  could  be  achieved  if  a  closer  fit  between  the  vehicle  floor 
and  the  manhole  top  were  arranged. 

The  operation  of  this  vehicle  is  the  same  as  the  operation  of  the  other  vehicles 
with  respect  to  vehicle  dispatching,  the  monitoring  of  individual  dosimeters  and 
dose  rate  meters,  and  the  making  of  the  decision  to  return  to  a  sheltered  garage. 

Figure  4  shows  the  two-man  transit  and  repair  shelter  in  the  process  of  re¬ 
trieving  the  end  of  a  broken  cable. 


Figure  5  illustrates  the  same  vehicle  in  the  process  of  aiding  in  the  erecting 
of  a  temporary  microwave  tower.  In  this  case,  the  shelter  is  shown  mounted  on 
an  earth  mover  chassis  instead  of  on  tracks. 
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Figure  5.  The  Two- Man  Transit  and  Repair  Vehicle 


SCHEME  IV  -  AIRBORNE  ASSISTANCE 

An  additional  scheme  that  might  be  used  in  conjunction  with  the  schemes  de¬ 
scribed  previously  is  one  that  involves  the  use  of  helicopter  air  transportation  for 
the  repair  vehicle,  the  required  supplies,  and  the  personnel.  Considerable  advan¬ 
tage  may  be  obtained  from  this  use  of  air  transportation,  provided  that  the  gross 
vehicle  weight  does  not  exceed  the  safe  lifting  capacity  of  a  helicopter  (such  as  the 
Sikorsky  Flying  Crane).  Helicopter  travel  time  is  considerably  less  than  the  travel 
time  for  ground-supported  vehicles,  but  when  fallout  is  on  the  ground,  the  dose  rate 

along  the  helicopter  travel  path  is  considerably  lower  than  that  which  would  be  en- 

5 

countered  by  a  vehicle  on  the  ground.  (It  is  estimated  that  an  aircraft  flying  five 
thousand  feet  above  contaminated  ground  surface  has  an  effective  shelter  factor 
of  100,000,  by  virtue  of  its  vertical  distance  from  the  field. )  Even  if  fallout 
were  still  falling  through  the  atmosphere,  the  helicopter  could  evade  intense  radi¬ 
ation  areas  more  easily  and  more  quickly  than  ground-supported  vehicles.  Also, 

5U,  S.  Government  Printing  Office,  "The  Effects  of  Nuclear  Weapons"  (Washing' 
ton,  D.  C.  :  1957)  p.  437. 
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ground  obstacles  and  congestion  that  might  seriously  hamper  ground  vehicle  move¬ 
ments  would  not  be  a  problem  to  a  helicopter . 

Because  of  the  gross  vehicle  weight  limitations  imposed  by  the.  lifting  capacity 
of  the  helicopter ,  the  shelter  factor  attainable  in  air  transportable  vehicles  is 
severely  limited.  The  exposure  times  for  airborne  vehicles  would  be  on  the  order 
of  half  that  which  could  be  obtained  by  a  ground-supported  vehicle.  However,  a 
larger  part  of  the  exposure  time  would  be  spent  at  the  repair  point . 

After  landing  the  vehicle  near  its  point  of  repair,  the  helicopter  would  maintain 
radio  contact  with  it  (perhaps  one  helicopter  could  maintain  contact  with  a  group  of 
vehicles)  for  the  purposes  of  bringing  in  the  necessary  supplies  and  of  retrieving 
the  vehicle  after  repairs  are  completed,  or  in  the  case  of  an  emergency.  The  light 
shelter  afforded  by  the  helicopter  cockpit  would  force  the  helicopter  to  spend  a 
minimum  amount  of  time  on  the  ground  in  the  radiation  field  near  the  repair  vehicle , 
Either  it  would  have  to  land  at  some  nearby  uncontaminated  point,  or  it  would  have 
to  return  to  the  sheltered  garage  or  source  of  supply. 

A  helicopter  could  also  be  of  advantage  in  the  reconnaissance  phase  of  the  re¬ 
pair  operation,  because  its  speed  and  effective  shelter  factor  would  facilitate  the 
development  of  good  estimates  of  the  feasibility  of  repairing  individual  communica¬ 
tions  routes. 

MICROWAVE  LINKS 

Damage  to  microwave  transmission  towers  presents  a  repair  problem  of  a  type 
very  different  from  those  previously  discussed.  In  the  first  place,  the  towers  often 
are  not  easily  accessible  to  ordinary  repair  vehicles  because  of  the  surrounding 
terrain.  Tower  construction  is  an  engineering  effort  of  considerable  magnitude. 
Many  towers  are  designed  specifically  to  fit  relay  needs  at  a  single  point  in  order 
to  allow  line-of-sight  transmission  to  other  towers  or  terminal  points.  Heavy 
construction  equipment  is  usually  required  by  tower  erectors,  and  considerable 
time  is  involved  in  the  construction  of  permanent  towers .  An  attempt  to  solve 
this  kind  of  building  and  installation  problem  has  been  made  by  A.T.&  T.  by  pre¬ 
fabricating  a  small,  transportable  building  and  tower.  These  standard  buildings 
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and  towers  may  prove  highly  useful  where  portability  is  an  important  factor,  such 

g 

as  in  replacing  a  complete  microwave  repeater  station. 

In  summary,  it  appears  that  any  damage  to  a  microwave  tower  that  results  in 
its  collapse  or  severe  misalignment  must  be  classified  as  major  damage  and  there¬ 
fore  be  excluded  from  detailed  consideration  in  this  study.  In  cases  of  minor 
misalignments  and  electronics  repair  and  maintenance,  it  is  extremely  difficult  to 
shield  workers  from  radiation.  If  the  worker  must  climb  to  the  top  of  the  tower, 
it  is  unlikely  that  he  can  be  shielded  at  all.  Vertical  distance  attenuation  cannot  be 
expected  to  be  sufficient  at  tower  height  to  be  of  great  consequence,  workers  who 
must  service  the  equipment  that  is  housed  in  the  building  near  the  tower  also  cannot 
be  shielded  without  great  difficulty.  The  building  itself  does  not  provide  good 
shelter ,  and  a  portable  temporary  shelter  either  for  the  repair  man  or  for  the 
building  as  a  whole  seems  infeasible.  Often  it  may  not  be  practical  to  take  the  item 
needing  repair  work  to  the  shelter  of  the  vehicle.  Tho  most  encouraging  thought  is 
the  fact  that  minor  repairs  to  microwave  equipment  can  be  oxpocted  to  be  accomp¬ 
lished  in  a  relatively  short  time  if  there  is  both  coordination  and  communication 
with  the  other  personnel  at  connecting  towers.  The  vehicle  required  for  these  re¬ 
pairs  must  provide  shelter  in  transit  and  must  carry  sufficient  supplies  and  equip¬ 
ment,  but  beyond  this  it  can  have  no  special  features  that  would  provide  on-the-job 
protection.  A  shelter-in-transit  vehicle  seems  to  be  all  that  can  be  provided. 

A  helicopter  could  be  used  to  great  advantage  when  repairs  must  be  made  to 
chains  of  microwave  towers .  Rough  estimates  could  be  made  from  a  helicopter  of 
the  degree  of  damage  to  a  microwave  tower  to  supplement  data  generated  at  manned 
stations.  If  the  damage  appeared  to  be  slight,  the  helicopter  might  bring  in  a  work 
party  for  a  short  period.  If  the  damage  to  a  tower  were  severe,  temporary  towers 
and  equipment,  if  available,  might  be  carried  to  the  appropriate  places  and  dropped 
into  place  by  a  crane-type  helicopter .  Without  the  advance  preparation  of  materials 


6J.W.  Halliday,  "Packaged  Buildings  for  TJ  Microwave  Systems,”  Bell 
Laboratories  Record  (October  1960)  p.  381. 

<7 

U.S.  Government  Printing  Office,  "The  Effects  of  Nuclear  Weapons” 
(Washington,  D.C.:  1957)  p.  437. 
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and  sites,  however,  the  repairs  to  severely  damaged  microwave  towers  are  likely 
to  require  larger  amounts  of  time,  and  this  involves  considerable  delay  before  cir¬ 
cuit  restoration  can  be  completed. 

PROPOSED  VEHICLE  CONFIGURATIONS 

For  the  purpose  of  making  calculations  relating  to  capsule  shelter  (attenuation) 
factors  and  capsule  weights,  three  capsule  shapes  were  determined.  The  shapes 
(Figures  6,  7  and  8)  define  the  inside  volumes  estimated  to  be  necessary  for  the 
three  vehicle  types  discussed  previously.  Any  material  used  to  shelter  these  vol¬ 
umes  must  be  placed  around  the  outside  of  the  shapes. 

TWO-MAN  VEHICLE  -  TRANSIT  SHELTER  ONLY 

The  two-man  vehicle  with  transit 
shelter  is  designed  to  provide  a  high  pro¬ 
tection  factor  for  repair  personnel  while 
in  transit  to  the  repair  site.  No  shield¬ 
ing  protection  is  provided  within  the  cab 
for  repair  equipment  and  materials , 
since  adequate  protection  from  contami¬ 
nation  could  be  afforded  by  having  these 
items  protected  by  impermeable  covers, 
such  as  plastic  bags.  Since  no  repairs 
are  to  be  made  within  the  confines  of  the 
vehicle  and  the  transit  time  is  not  expected 
to  be  much  greater  than  one  hour,  the  cab 
of  the  vehicle  has  been  designed  to  maxi¬ 
mize  protection  rather  than  to  provide  comfort.  The  cab  dimensions  are  roughly 
equivalent  to  those  of  a  small  sports  car,  with  the  occupants  sitting  approximately 
six  inches  above  the  floor.  Figure  6  illustrates  the  proposed  cab  dimensions  (inside) 
for  this  type  of  vehicle. 

FOUR-  OR  FIVE-MAN  VEHICLE  -  TRANSIT  SHELTER  ONLY 

This  vehicle  provides  adequate  space  and  protection  for  four  or  five  men  to 
allow  for  interchange  of  repair  personnel  engaged  in  repairs  that  would  involve 


Figure  6.  Cab  Dimensions  for  Two- 
Man  Vehicle  -  Transit  Shelter 
Only 
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prohibitive  radiation  exposure  for  a  single 
team.  The  vehicle  provides  no  protection 
for  equipment  or  materials  and  was  de¬ 
signed  for  transit  times  of  approximately 
one  hour  in  duration.  The  cab  is  essenti¬ 
ally  the  same  design  as  the  previous  ve¬ 
hicle  with  the  addition  of  a  seating  com¬ 
partment  capable  of  sheltering  two  or 
three  passengers.  Figure  7  illustrates 
the  proposed  cab  dimensions  (inside)  tor 
this  type  of  vehicle. 


Figure  7.  Cab  Dimensions  for  Four- 
or  Five-Man  Vehicle  —  Transit 
Shelter  Only 


TWO-MAN  VEHICLE  -  TRANSIT  AND  REPAIR  SHELTER 


This  vehicle  provides  maximum  re¬ 
pair  flexibility  for  a  two- man  repair  crew. 

The  dimensions  of  the  cab  and  working 
compartment  have  been  chosen  to  provide 
adequate  space  for  materials  and  equip¬ 
ment  and  still  leave  sufficient  room  to 
perform  repair  tasks  within  the  confines 
of  the  vehicle.  The  vehicle  is  smaller  in 
terms  of  storage  volume  for  equipment 
and  materials  than  similar  trucks  pres¬ 
ently  used  by  A.  T.  &T. ,  but  it  is  felt  that 
judicious  selection  of  equipment  and  tight 
packing  would  provide  up  to  a  50%  reduc¬ 
tion  in  storage  volume.  Figure  8  Illus¬ 
trates  the  proposed  dimensions  for  this  type  of  vehicle. 


Figure  8.  Dimensions  for  Two-Man 
Vehicle  -  Transit  and  Repair 
Shelter 
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SHIELDING  CALCULATIONS8 

Radioactive  fallout  emits  three  types  of  radiation:  (1)  alpha  rays,  (2)  beta  rays, 
and  (3)  gamma  rays.  Alpha  rays,  because  of  their  greater  mass  and  charge,  cannot 
penetrate  clothing  and  probably  cannot  get  through  an  unbroken  layer  of  skin.  Beta 
rays  are  more  penetrating,  but  complete  protection  may  be  afforded  by  a  layer  of 
average  weight  clothing.  Gamma  rays,  being  physically  identical  with  high-energy 
X-rays,  are  extremely  penetrating  and  are  impossible  to  absorb  completely.  In 
this  report  we  shall  be  concerned  with  the  shielding  from  gamma  radiation,  because 
adequate  attenuation  of  gamma  rays  will  also  provide  more  than  adequate  protection 
from  alpha  and  beta  radiation. 

Gamma  ray  photons  travel  in  straight  lines  until  they  collide  or  interact  with 
atoms,  at  which  time  the  photon  Is  either  absorbed  or  ricochets  and  continues 
traveling  in  a  new  direction  with  a  lower  energy.  The  former  Interactions  are 
called  absorptive  interactions;  the  latter  are  called  scattering  Interactions,  The 
average  distance  between  interactions  in  air  is  several  hundred  feet,  which  is  much 
larger  than  the  dimensions  of  feasible  vehicles.  Most  gamma  ray  interactions  within 
vehicles,  therefore,  will  not  take  place  in  air,  but  in  the  roof,  walls,  and  floor  of 
the  vehicle,  where  the  average  distance  between  interactions  is  much  smaller. 

Detailed  sheltering  calculations  take  into  account  the  following  factors  In  the 
determination  of  a  shelter  (attenuation)  factor: 

1.  The  location  of  the  radiation  field  relative  to  the  shelter 

2.  The  shape  of  the  shield 

3.  The  mass  thickness  of  the  shield  (weight  per  unit  area) 

4.  The  type  of  the  sheltering  substance. 

The  following  assumptions  are  adopted  for  all  shielding  calculations:  (1)  fallout 
is  assumed  to  be  distributed  uniformly  over  the  exposed  surfaces  according  to  their 
horizontal  projections,  and  (2)  fallout  on  vertical  surfaces  is  not  considered  signif¬ 
icant.  Materials  with  high  atomic  numbers ,  such  as  lead ,  make  the  best  shielding 

'  ’  "  "g  "" 

L,  V.  Spencer,  "Structure  Shielding  Against  Fallout  Radiation"  (unpublished 
manuscript)  U.  S.  Bureau  of  Standards  (Washington,  D.  C. ). 
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agents,  since  they  absorb  as  well  as  scatter  radiation.  At  this  time,  no  detailed 
data  are  available  on  the  shielding  effectiveness  of  lead  as  compared  to  ordinary 
construction  materials,  and,  therefore,  our  calculations  were  made  using  steel 
as  the  shielding  agent .  Steel  appears  to  be  the  most  practical  material  for  vehicle 
construction.  Lead  is  more  efficient  against  radiation  on  a  per  pound  basis,  but  it 
is  considerably  more  expensive.  Concrete  and  other  construction  materials  are 
too  bulky  or  otherwise  not  suitable  for  a  moving  vehicle. 

In  order  to  reduce  the  complexity  of  the  calculations  and  to  remain  within  the 
present  state  of  the  shielding  art,  all  vehicle  shapes  have  been  treated  as  unbroken 
surfaces  possessing  no  indentations  or  irregularities.  The  floor  of  the  vehicle  was 
assumed  to  be  elevated  three  feet  above  the  ground,  and  the  detector  response  was 
calculated  for  a  point  in  the  center  of  the  floor  1-1/2  feet  above  its  surface.  A 
height  of  1-1/2  feet  was  chosen  to  approximate  the  position  of  the  vital  organs  of 
personnel  seated  within  the  vehicle. 

Shielding  calculations  were  carried  out  in  the  manner  prescribed  by  Spencer 

Q 

in  his  unpublished  manuscript.  In  these  calculations,  the  total  radiation  con¬ 
tribution  was  broken  down  as  follows: 

1 .  Roof  contribution 

2.  Ground  contribution 

a.  Direct 

b.  Scattered 

c .  Sky  shine 

3 .  Floor  contribution 

Table  5  presents  the  results  of  the  shielding  calculations,  which  illustrate  the 
relationship  between  protection  factors  and  gross  vehicle  weights  for  the  three 
proposed  vehicle  configurations. 

Because  of  the  load  limits  of  bridges  and  roads  (and  in  peacetime  because  of 
legal  load  limits),  the  upper  limit  on  gross  vehicle  weight  has  been  established  at 


9Op.  cit. 
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TABLE  5 


RELATIONSHIP  BETWEEN  PROTECTION  FACTOR  AND  VEHICLE  WEIGHT 


VEHICLE 

SHIELDING  MATERIAL 

GROSS  WEIGHT  (LBS) 

PROTECTION  FACTOR 

Type  I 

1  in  steel  plate 

4,100 

2.5 

3  in  steel  plate 

11,700 

13 

7  in.  steel  plate 

30,500 

390 

Type  II 

1  imsteel  plate 

6,100 

2 

3  in.  steel  plate 

19,000 

13 

7  in.  steel  plate 

46,200 

395 

Type  in 

1  imsteel  plate 

6,100 

2 

3  imsteel  plate 

19,600 

13 

7  in.  steel  plate 

51,700 

395 

30  tons. 10  For  a  proposed  vehicle  to  be  considered  feasible,  It  must  provide  the 
required  protection  factor  while  maintaining  a  gross  weight  of  less  than  30  tons. 

Table  5  indicates  that  vehicles  covered  with  approximately  7  inches  of  steel 
can  provide  sizable  protection  factors  and  do  not  exceed  the  weight  limit,  In  all 
cases,  a  sufficient  weight  margin  has  been  allowed  for  the  chassis,  running  gear, 
and  equipment  weights.  Lighter  weight  shielding  does  not  provide  adequate  pro¬ 
tection  for  the  repair  systems  proposed  in  this  report. 

It  is  possible  to  increase  the  protection  factor  for  the  three  types  of  vehicles 
by  the  simple  expedient  of  removing  the  fallout  from  the  roof  of  the  vehicle.  This 
could  be  accomplished  by  Installing  a  disposable  tarpaulin  to  cover  the  roof.  Effec¬ 
tive  roof  decontamination  procedures  would  allow  the  redistribution  of  shielding 
from  the  roof  to  the  sides  and  floor,  thereby  increasing  the  protection  factor  while 
simultaneously  removing  the  roof  contribution  of  approximately  11%  of  the  total 
radiation  contribution. 

10E.  Callahan,  F.  Brooks,  et  al. ,  "Operations  Analysis  of  a  Truck  Mounted 
Missile  System"  (Secret)  Technical  Operations,  Inc. ,  Report  No.  TO-B  60-35 
(15  August  1960). 
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CHAPTER  4 


OPERATIONAL  EFFECTIVENESS 
OF  THE  REPAIR  VEHICLE  SYSTEMS 

The  purpose  of  a  repair  vehicle  is  to  aid  in  the  rapid  restoration  of  communica¬ 
tion  facilities, while  maintaining  a  specified  level  of  radiation  protection  for  repair 
personnel.  To  accomplish  this  objective,  the  repair  vehicle  designer  must  know: 

(1)  the  type  of  environment  within  which  the  vehicle  is  to  operate,  (2)  the  methods  at 
his  disposal  for  attenuating  the  effects  of  the  environment  on  both  vehicle  and  per¬ 
sonnel,  and  (3)  the  distribution  of  probable  repair  tasks  with  respect  to  duration  and 
manpower  requirements.  A  careful  evaluation  of  these  factors  indicates  that  the 
ideal  repair  vehicle  system  should  possess  the  following  characteristics: 

1,  Short  reaction  time1— the  vehicle  should  have  the  ability  to  enter 
the  damage  area  shortly  after  the  attack  occurs. 

2.  High  repair  flexibility— the  vehicle  should  be  capable  of  being  utilized 
successfully  by  the  repair  personnel  for  a  wide  spectrum  of  probable 
repair  tasks. 

In  this  study,  various  feasible  repair  vehicles  are  investigated, and  their  operational 
effectiveness  is  measured  by  the  degree  to  which  they  approach  the  ideal  repair 
vehicle  system. 

THE  POST-ATTACK  ENVIRONMENT 

Assuming  that  the  communications  facilities  themselves  are  not  targets  of  the 
attack,  the  areas  of  immediate  interest  are:  (1)  the  area  of  probable  damage  in  the 
vicinity  of  a  bombarded  site,  and  (2)  other  areas  containing  communications  facilities 
that  are  liable  to  routine  failure.  The  repair  of  blast-induced  damage  is  likely  to  be 
of  much  more  importance  than  the  repair  of  routine  failures,  and,  therefore,  this 
study  will  concentrate  on  the  impact  of  this  first  area  of  damage.  It  is  very  likely 
that  vehicle  systems  that  are  feasible  for  the  repair  of  blast  damage  will  be  entirely 
adequate  for  the  repair  of  routine  failures  in  the  fallout  environment  as  well. 

1The  reaction  time  is  the  time  elapsed  between  the  time  of  the  attack  and  the  time  at 
which  the  vehicle  enters  the  damage  area  to  perform  repairs. 
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The  area  of  probable  repairable  damage  was  defined  as  that  area  outside  the 

lip  of  the  bomb  crater  and  extending  out  to  the  two  psi  overpressure  level  (a  dis- 

2 

tance  of  10. 1  miles  for  a  7  MT  weapon).  This  definition  was  believed  to  be  a 
realistic  interpretation  of  the  repair  area  because;  (1)  within  the  crater  itself 
facilities  will  be  damaged  beyond  repair,  (2)  the  weakest  element  in  the  communica¬ 
tion  system  is  the  telegraph  pole  with  aerial  cable,  which  may  be  expected  to  fail  at 
two  psi  overpressure,  and  (3)  at  two  psi  overpressure,  fragments  from  buildings, 
trees,  etc. ,  may  cause  damage  to  aerial  cables.  A  peak  overpressure  of  two  psi 
corresponds  approximately  to  a  peak  particle  velocity  of  70  mph. 

RADIATION  LEVELS  WITHIN  THE  REPAIR  AREA 

It  can  be  shown  to  be  reasonable  that  targeted  sites  may  be  subjected  to  bombard¬ 
ment  from  as  many  as  twenty  weapons,  depending  upon  the  importance  and  hardness 
of  the  site.  In  the  absence  of  experimental  data  on  multiple  weapon  detonations,  we 
assume  that  the  fallout  effects  from  multiple  weapons  are  additive.  Figure  9 
illustrates  the  radiation  levels  that  might  exist  within  the  repair  area  at  various 
times  after  the  surface  burst  of  a  7  MT  weapon.  Figure  10  illustrates  the  radiation 
levels  at  one  hour  after  burst  from  a  multiple  weapon  bombardment.  Figures  9  and 
10  were  developed  through  the  use  of  the  fallout  model  discussed  in  Chapter  2. 

It  is  apparent  that  during  the  period  from  the  initial  burst  to  one  hour  after 
attack  the  radiation  levels  will  be  so  intense  as  to  preclude  unshielded  open-air 
repair  activities  of  any  practical  duration.  The  dose  rates  at  the  end  of  the  first  hour 
for  over  50%  of  the  repair  area  will  range  from  more  than  135  roentgens/hr  for  the 
single  weapon  case  to  more  than  2,  000  roentgens/hr  for  the  extreme  case  of  20 
weapons.  Figure  11  shows,  for  various  numbers  of  weapons,  the  per  cent  of  the 
repair  area  having  a  dose  rate  greater  than  250  roentgens/hr  at  one  hour  after 
burst. 

After  12  hours,  the  radiation  levels  from  the  single  weapon  case  will  diminish 
to  the  point  where  unshielded  repair  activity  can  be  carried  out  for  at  least  10  hours 
without  exceeding  the  specified  accumulated  dose  of  250  roentgens. 

*9 

'U.S.  Government  Printing  Office,  "The  Effects  of  Nuclear  Weapons" 

(Washington,  D.  C. :  June  1957.) 
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Figure  9.  Repair  Area  Radiation  —  One  Weapon 


Figure  11.  Repair  Area  Exposure 


RADIATION  LEVELS  WITHIN  THE  TRANSIT  AREA 

The  transit  area  is  that  region  through  which  the  repair  vehicle  must  pass  to 
get  from  the  sheltered  garage,  located  at  a  safe  distance  from  potential  targets,  to 
the  repair  site.  The  transit  area  hypothesized  in  this  study  extends  for  a  distance 
of  approximately  20  miles  away  from  the  outer  boundary  of  the  repair  area.  These 
boundaries  have  been  chosen  arbitrarily  to  minimize  the  danger  of  blast  and  radia¬ 
tion  damage  to  the  garage,while  still  keeping  it  within  feasible  driving  range  of 
probable  repair  sites. 

Travel  time  for  the  repair  vehicle  could  be  reduced  by  locating  a  blast- 
hardened  and  fallout-protected  garage  in  the  repair  area.  However,  it  is  clear 
that  the  stated  definition  of  the  transit  area  does  tend  to  exaggerate  the  radiation 
protection  problem.  Any  vehicle  system  using  this  definition  for  the  transit  area 
will  be  even  more  feasible  if  the  required  amount  of  vehicle  travel  Is  reduced. 
Figure  12  illustrates  the  radiation  levels  that  might  exist  at  various  times  after  the 
surface  burst  of  a  7  MT  weapon.  Figure  13  illustrates  the  radiation  levels  from  a 
multiple  weapon  bombardment  at  one  hour  after  burst. 

REACTION  TIME  AND  ATTENUATION  REQUIREMENTS 

The  ability  of  the  repair  vehicle  to  enter  the  damage  area  soon  after  the  attack 

occurs  will  be  primarily  affected  by  the  radiation  levels  within  the  damage  and 

transit  areas.  Although  the  dose  rate  decreases  with  time  after  all  the  fallout  has 

3 

come  down  (approximately  H  +  1  hours  for  our  purposes),  radiation  levels  within 
the  damage  and  transit  areas  will  still  be  too  high  for  some  time  after  the  attack  to 
allow  unshielded  repair  activity  of  any  practical  duration.  To  enable  repairmen  to 
operate  within  the  damaged  area,  the  repair  vehicle  must  be  capable  of  restricting 
the  total  accumulated  dose  to  personnel  to  an  amount  below  the  specified  limit  of 
250  roentgens.  The  vehicle  attenuation  requirement  will  then  be  determined  by: 

(1)  the  existing  radiation  levels,  (2)  the  time  of  entry  after  attack,  and  (3)  the 
duration  of  the  mission. 

The  radiation  levels  from  one  multiple-weapon  bombardment  at  various 
times  after  attack  were  shown  in  Figures  9,  10,  11,  12,  and  13.  These  graphs 

3 

H  is  the  time  of  detonation. 
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Figure  12.  Transit  Area  Radiation  —  One  Weapon 


Figure  13.  Transit  Area  Radiation  —  Multiple  Weapons 
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were  combined  with  the  radioactivity  decay  rate  approximation  (Rg  =  RjAt  '  )  to 
yield  Figures  14,  15,  and  16, which  illustrate  the  per  cent  of  the  repair  area  that  is 
available  for  entry  for  an  eight-hour  repair  at  various  times  after  attack.  Curves 
have  been  developed  for  three  different  shelter  factors  and  for  five  levels  of 
bombardment.  A  mission  time  of  eight  hours  was  chosen  as  being  representative  of 
a  normal  working  shift  for  repair  personnel. 

Figure  14  indicates  that  at  H  +  1  hour,  less  than  50%  of  the  repair  area  is 
accessible  for  unsheltered  repair  activity  of  greater  than  eight  hours  duration,  even 
if  only  one  bomb  is  detonated.  If  entry  is  delayed  until  H  +  2  hours,  the  accessible 
portion  of  the  damage  area  rises  to  93%.  For  the  20-bomb  attack,  unsheltered  entry 
is  prohibited  for  over  90%  of  the  repair  area,  even  after  12  hours  have  elapsed.  It 
is  apparent  that  for  immediate  entry  after  the  attack, the  vehicles  must  be  capable 
of  providing  shelter  factors  of  approximately  30,  if  personnel  are  to  operate  in  the 
damage  area  for  8  hours  or  more . 

Thus  far  we  have  tacitly  assumed  that  the  repair  vehicle  is  capable  of  completely 
shielding  personnel  from  radiation  during  their  time  in  transit  to  the  repair  site. 

This  will  only  hold  true,  however,  if  the  shelter  factor  shown  to  be  necessary  for  the 
repair  area  operation  is  much  higher  than  that  required  during  transit  time . 

Figure  13  illustrates  the  prevailing  radiation  levels  within  the  transit  area  at  one 
hour  after  attack  for  various  levels  of  attack.  If  access  is  to  be  made  available  to 
at  least  90%  of  the  transit  area  in  the  20-bomb  attack,  a  shelter  factor  at  least  one 
order  of  magnitude  greater  than  that  required  in  the  repair  area  is  necessary. 
Therefore,  the  vehicle  protection  factor  was  determined  by  the  radiation  levels 
existing  within  the  transit  area,  rather  than  by  the  repair  area  levels.  For  all 
proposed  vehicle  configurations,  the  7-inch  steel  plate  design  has  been  found  to 
offer  adequate  protection  after  H  +  1  hour  to  personnel  traversing  the  transit  area. 

THE  DOSE  MODEL 

The  dose  model  attempts  to  integrate  knowledge  of  the  post-attack  environment 
with  factors  affecting  vehicle  performance  to  enable  the  repair  system  designer  to 
measure  the  operational  effectiveness  of  the  proposed  repair  vehicle  systems 
operating  under  the  total  dose  constraint. 
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TIME  (AFTER  BURST)  OF  ENTRY  INTO  REPAIR  AREA  (HOURS) 


Figure  16.  Repair  Area  Accessibility  —  Shelter  Factor  5.0 
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DOSE  ABSORPTION 


The  total  accumulated  dose  may  be  conveniently  divided  into  three  components: 
(1)  the  dose  absorbed  In  traveling  through  the  transit  area,  (2)  the  dose  absorbed  in 
traveling  through  the  damage  area  to  the  repair  site,  and  (3)  the  dose  absorbed 
during  the  actual  repair  work.  Although  there  is  no  distinct  physical  separation 
between  radiation  levels  existing  at  the  boundary  of  the  repair  and  the  transit  areas, 
road  conditions  are  likely  to  alter  perceptibly  in  this  vicinity  due  to  the  presence  of 
debris,  tending  to  decrease  the  vehicle  velocity  and  increase  the  exposure  time. 

The  dose  absorbed  during  actual  repair  activity  is  given  separate  consideration  to 
facilitate  the  evaluation  of  various  sheltering  schemes  that  might  be  used  while 
repairs  are  being  accomplished. 

Transit  Area  Dose  Absorption 

An  accurate  estimate  of  the  dose  acquired  during  transit  would  require  know¬ 
ledge  of  the  following  information:  (1)  the  probable  routes  to  be  traveled  by  the 
repair  vehicle,  (2)  the  dose  rate  existing  at  each  point  on  the  route  at  the  time  it 
was  reached,  and  (3)  the  time  spent  in  passing  from  point  to  point.  Even  assuming 
that  all  fallout  has  arrived  within  the  repair  and  the  transit  areas  by  H  +  1  hour, 
the  situation  is  complicated  by  the  large  number  of  possible  routes,  the  possible 
variation  In  local  dose  rates  due  to  mlcrometeorological  factors,  and  the  lack  of 
knowledge  about  existing  hot  spots  and  about  the  time  required  to  traverse  various 
regions  under  post-attack  conditions.  In  the  absence  of  specific  information,  a 
reasonable,  conservative  approximation  of  existing  dose  levels  may  be  made  from 
Figures  12  and  13,  by  choosing  the  maximum  radiation  level  to  which  the  least 
affected  90%  of  the  transit  area  is  exposed.  This  estimate  provides  a  reasonable 
approximation  for  planning  purposes, because:  (1)  post-attack  reconnaissance  or 
judicious  "guesstimates'1  may  allow  for  avoidance  of  hot  spots  that  may  occupy  not 
more  than  10%  of  the  transit  area,  (2)  there  will  probably  be  a  certain  percentage 
of  the  transit  area  inaccessible  to  travel  because  of  natural  obstacles  and  debris, 
and  (3)  in  the  absence  of  reconnaissance,  this  method  provides  a  conservative 
estimate  of  the  existing  radiation  levels.  Using  this  method,  radiation  level  esti¬ 
mates  may  be  made  for  various  times  after  attack  and  for  selected  bombardment 
intensities. 
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Repair  Area  Dose  Absorption 


Estimates  of  the  situation  within  the  repair  area  suffer  from  the  same  lack  of 
information  as  described  previously  for  the  transit  area  and  are  further  complicated 
since  the  location  of  damaged  facilities  may  require  a  trial  and  error  approach, 
Previous  calculations  revealed  that  the  vehicle  protection  factor  was  determined  by 
the  radiation  levels  within  the  transit  area.  Since  the  vehicle  protection  factors 
determined  previously  are  sufficient  to  protect  personnel  at  any  point  within  the 
repair  area,  a  conservative  estimate  of  existing  radiation  levels  for  planning  pur¬ 
poses  might  be  the  maximum  dose  rate  within  the  repair  area.  Calculations  of 
repair  area  dose  absorption  based  on  the  maximum  dose  rate  within  the  repair  area 
would  provide  an  ultraconservative  estimate,even  though  the  total  area  may  not  be 
accessible  due  to  debris,  etc. 

Repair  Task  Dose  Absorption 

Once  an  estimate  of  the  representative  radiation  level  within  the  repair  area  for 
a  given  time  has  been  made,  the  only  task  remaining  is  to  determine  the  duration  of 
the  repair  task.  The  dose  accumulated  during  the  actual  repair  task  may  be  found 
by  a  simple  multiplication  of  the  two  factors. 

The  Form  of  the  Dose  Model 

The  total  accumulated  dose  may  be  expressed  as  the  sum  of  the  doses  absorbed 
In  traveling  through  the  transit  and  repair  areas  respectively,  plus  the  dose  absorbed 
during  the  actual  repair  task,  A  mathematical  model  was  used  to  produce  these  dose 
rates;  the  symbols  used  In  the  model  have  the  following  meanings: 

d  “the  distance  from  the  point  of  the  garage  to  the  outer  edge  of  the 
repair  zone  (miles) 

dj  ■  the  distance  from  the  outer  edge  of  the  repair  zone  to  the  repair 
site  (miles) 

vq  =  the  average  vehicle  velocity  within  the  transit  zone  (mph) 

▼  «  the  average  vehicle  velocity  within  the  repair  zone  (mph) 
sQ  *  the  vehicle  protection  factor 
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Sj  =  the  protection  factor  at  the  repair  site  (s,  =  sq  for  repairs  made 
within  the  repair  vehicle;  s.  =  1  for  unshielded  repair  work) 
t  =  the  time  required  for  the  repair  task  (hours) 

*  the  maximum  dose  rate  to  which  the  least  affected  90%  of  the 
transit  area  is  exposed  at  time  t 

A  1 

Rt  =  the  maximum  dose  rate  to  which  the  repair  area  is  exposed  at 
time  t. 


The  doses  for  the  transit  area,  the  repair  area,  and 
puted  separately  and  then  added  together  to  give  the  total 

dose  absorbed  while  traversing  the  transit  area 


the  repair  task  are  corn- 
absorbed  dose,  as  follows: 


dose  absorbed  while  traversing  the  repair  area 


^R1 

v^t 


dose  absorbed  during  the  repair  task 


total  absorbed  dose 


t  Kt 


Rt  + 


difti 


trR t • 


The  introduction  of  a  protection  factor  serves  to  decrease  the  absorbed  dose  by 
a  factor  equal  to  the  protection  factor.  Therefore,  the  equation  for  the  total 
absorbed  dose  is  as  follows; 


total  absorbed  dose 


Equation  (I)  provides  a  method  for  evaluating  alternative  repair  systems,  under  the 
constraint  that  the  total  accumulated  dose  be  less  than  250  roentgens. 


EVALUATION  OF  ALTERNATIVE  SYSTEMS 


Initially,  repair  systems  may  be  separated  into  two  broad  categories;  (1)  those 
that  provide  radiation  protection  during  the  repair  phase  as  well  as  during  the 
transit  phase,  and  (2)  those  that  provide  protection  during  the  transit  phase  only. 
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Repair  systems  of  the  second  category  will  have  no  flexibility,  since  they  provide 
practically  no  more  protection  during  the  repair  task  than  does  ordinary  clothing. 

The  reaction  time  of  these  systems  will  be  determined  primarily  by  the  radiation 
levels  existing  within  the  repair  area  at  the  proposed  time  of  entry,  assuming  that 
adequate  shelter  is  provided  during  the  transit  phase.  Repair  systems  of  the  first 
category  will  have  varying  degrees  of  flexibility  and  reaction  time,  depending  upon 
their  speed  of  operation,  the  protection  factor,  and  the  configuration. 

REPAIR  SYSTEMS  PROVIDING  SHELTER  DURING  THE  TRANSIT  PHASE  ONLY 

The  reaction  time  of  these  transit  shelter  systems  depends  upon  the  amount  of 
tho  repair  area  that  is  accessible  with  safety  to  unsheltered  personnel  at  various 
times  after  attack.  It  makes  no  difference  how  rapidly  the  transit  phase  is  accom- 
lished  if  personnel  cannot  begin  repair  work  because  the  radiation  levels  are  too 
high.  Figure  9  illustrates  that  at  one  hour  after  attack  at  least  96%  of  tho  repair 
area  will  be  exposed  to  less  than  250  roentgens/hr  by  a  single  bomb  attack.  How¬ 
ever,  Figure  11  shows  that  this  area  decreases  exponentially  as  the  number  of 
bombs  increases  and  approaches  zero  under  the  20-bomb  attack.  Even  with  a  single 
detonation,  only  45%  of  the  repair  area  will  be  accessible  to  personnel  engaged  in  an 
8-hour  repair  operation  if  the  accumulated  dose  is  to  be  kept  less  than  250  roentgens. 

Assuming  that  personnel  are  completely  protected  from  radiation  exposure 
during  transit,  a  measure  of  effectiveness  for  these  systems  might  be  the  per  cent 
of  the  repair  area  that  is  accessible  to  repair  personnel  at  various  times  after 
attack  under  the  constraint  of  a  total  8-hour  dose  of  less  than  250  roentgens. 

Table  6  shows  the  per  cent  of  repair  area  available  as  a  function  of  time  and  number 
of  bomba. 

It  is  apparent  that  under  a  heavy  attack  the  transit  shelter  systems  do  not  pro¬ 
vide  access  to  an  appreciable  part  of  the  repair  area, even  at  12  hours  after  attack. 

It  was  assumed  that  the  repair  vehicle  was  capable  of  providing  complete  protection 
during  the  transit  phase.  The  entry  times  will  be  delayed  appreciably  if  this 
assumption  is  not  justifiable. 
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TABLE  6 


PER  CENT  OF  ACCESSIBLE  REPAIR  AREA  VS  TIME  OF  ENTRY 


Time  of  Entry 

1  Bomb 

2  Bombs 

5  Bombs 

10  Bombs 

20  Bombs 

H  +  1 

45% 

18% 

5% 

*<  2% 

<  2% 

H  +  2 

93% 

36% 

10% 

4% 

2% 

H  +  4 

99% 

85% 

18% 

9% 

4% 

H  4  6 

100% 

95% 

28% 

13% 

6% 

H  +  12 

100% 

100% 

88% 

23% 

10% 

REPAIR  SYSTEMS  PROVIDING  SHELTER  DURING  THE  TRANSIT  AND  THE 
REPAIR  PHASES 

Repair  vehicle  systems  that  are  highly  flexible  will  be  capable  of  reacting 
rapidly,  since  their  entry  into  the  repair  area  is  not  delayed  by  high  radiation  levels 
at  the  repair  sites.  Vehicles  capable  of  providing  adequate  shelter  during  the 
transit  phase  (protection  factors  greater  than  300)  should  be  capable  of  shielding 
personnel  during  the  repair  phase  as  soon  as  H  +  1  hour. .  In  general,  the  lower 
the  protection  factor  of  the  vehicle,  the  slower  the  reaction  time  of  the  repair 
system.  With  vehicle  protection  factors  much  less  than  300,  the  transit  dose 
becomes  appreciable,  and  the  allowable  repair  dose  is  reduced  accordingly. 

Either  the  protection  factor  must  be  increased,  or  the  entry  time  must  be 
delayed. 

As  was  pointed  out  earlier,  there  Is  no  known  method,  at  the  present  time,  of 

protecting  personnel  engaged  in  repair  work  on  microwave  towers.  Tasks  such  as 

aligning  the  reflector  mounted  on  the  top  of  the  tower  cannot  be  accomplished  within 

the  confines  of  a  vehicle,  nor  does  there  appear  to  be  any  practical  vehicle  extension 

capable  of  shielding  at  this  distance  from  the  vehicle.  Although  it  is  true  that 

elevation  provides  some  attenuation  from  the  fallout  on  the  ground,  microwave 

towers  are  not  high  enough  to  provide  attenuation  factors  of  much  more  than  one  to 
4 

two.  The  existence  of  these  practically  unshelterable  repair  tasks  serves  to 

4U.  S.  Government  Printing  Office,  "The  Effects  of  Nuclear  Weapons" 

(Washington,  D.  C. :  1957)  p.  437 
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reduce  the  flexibility  of  any  proposed  repair  vehicle,  since  these  tasks  could  be 
responsible  for  delaying  the  repairs,  In  fact,  if  unshelterable  repairs  are  a  major 
part  of  the  total  repair  agenda,  the  effectiveness  of  these  repair  systems  is  no 
better  than  the  effectiveness  of  the  transit  shelter  systems  described  previously, 
because  the  reaction  time  in  this  case  will  be  determined  by  the  radiation  level  at 
the  repair  site. 

SPECIAL  VEHICLES  FOR  SELECTED  REPAIR  SITUATIONS 

It  Is  extremely  important  for  the  repair  system  to  be  augmented  by  an  adequate 
reconnaissance  capability.  Accurate  definition  of  radiation  levels  is  essential 
if  early  entry  times  are  to  be  achieved.  The  need  for  this  capability  may  be  illus¬ 
trated  by  the  case  of  unshelterable  repairs  on  microwave  towers.  It  is  probable 
that  a  tower  may  be  located  in  a  relatively  low  radiation  field.  If  this  information 
is  available,  a  high  velocity  transport  vehicle  (such  as  a  helicopter)  might  be  used 
to  bring  personnel  to  and  from  the  repair  site.  The  transport  vehicle  would  absorb 
little  radiation  in  transit  and  could  be  used  for  conveying  personnel  to  repair  eites 
where  the  radiation  levels  were  on  the  order  of  140  roentgens/hr  or  less  at  II  +•  l  hour. 
This  procedure  would  enable  personnel  to  work  an  8-hour  shift  at  repair  sites  where 
the  radiation  levels  were  less  than  140  roentgens/hr  at  H  +  1  hour,  without  accumula¬ 
ting  more  than  250  roentgens. 

The  speed  of  the  transport  vehicle  becomes  important  when  a  repair  task  of 
short  duration  is  to  be  made  in  a  high  radiation  field.  In  general,  an  adequate 
reconnaissance  capability  coupled  with  a  high-speed  transport  vehicle  can  improve 
appreciably  the  reaction  time  of  the  repair  system. 

Table  7  summarizes  the  reaction  times  and  flexibilities  of  all  of  the  proposed 
repair  systems. 
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CHAPTER  5 


CONCLUSIONS  AND  RECOMMENDATIONS 

On  the  basis  of  this  study  we  conclude  that  it  is  feasible  to  construct  a  repair 
vehicle  that  is  capable  of  supporting  communications  repair  activities  in  a  large 
part  of  the  area  where  bomb  damage  to  communications  equipment  is  expected. 
Furthermore,  in  many  cases,  these  repairs  can  be  started  as  early  as  one  hour 
after  bomb  detonation. 


SPECIFIC  CONCLUSIONS 

The  major  conclusions  arrived  at  as  a  result  of  this  study  are: 

1.  It  is  possible  to  design  a  repair  vehicle  capable  of  providing  a  radiation 
protection  factor  of  approximately  350,  Such  a  vehicle  is  adequate  to 
provide  working  personnel  access  to  areas  that  have  been  contaminated 
by  radiation  from  as  many  as  20  weapons  of  7  MT  yield  each. 1 

2.  The  two-man  repair  vehicle  giving  both  transit  and  repair  shelter  appears 
to  be  the  most  practical  and  effective  in  view  of  system  flexibility  and 
other  operational  considerations. 

S.  The  repair  vehicle  system  can  be  used  for  most  normal  repair  tasks 
except  those  involving  equipment  located  at  microwave  towers.  It  does 
not  appear  technically  feasible  to  protect  personnel  who  must  climb 
towers. 

4.  The  radiation  instrumentation  required  is  as  follows: 
a)  Total  dose  meter  (dosimeter)  for  each  repairman 


^The  value  of  300  is  not  to  be  construed  as  the  recommended  value.  The  spe¬ 
cific  value  recommended  for  a  design  must  be  determined  by  further  operational 
analysis  and  systems  design.  It  should  be  as  large  as  possible  to  maximize  the 
vehicle's  flexibility  while  being  consistent  with  other  considerations  of  vehicle 
design  such  as  speed,  range,  and  terrain  traversing  capability,  This  study's 
assumptions  of  the  fallout  magnitude  and  the  protection  factor  were  deliberately 
very  conservative;  a  more  realistic  and  detailed  systems  study,  therefore,  could 
only  serve  to  substantiate  the  general  conclusion  that  the  vehicle  is  feasible. 
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b)  Dose  rate  meter  for  each  repairman 

c)  Dose  rate  meters  for  the  Interior  and  the  exterior  of  the  vehicle 

d)  A  device  for  computing  ard  displaying  the  safe-time-in-activity, 

In  addition  to  the  major  conclusions  given  above,  there  are  several  minor  con¬ 
clusions  that  are  worth  listing,  even  though  they  are  not  directly  supported  by  the 
study: 

1.  Garages  should  have  a  quick  vehicle  decontamination  capability  to  min¬ 
imize  the  vehicle  turn-around  time. 

2.  Garages  should  be  located  at  places  that  are  likely  to  provide: 

a)  Minimum  dose  to  personnel  within  the  structure 

b)  Minimum  dose  to  personnel  enroute  to  repair 

c)  Minimum  probability  of  blast  destruction. 

3.  Garages  should  provide  a  large  amount  of  protection  in  order  that  re¬ 
pair  personnel  can  live  virtually  unaffected  by  additional  radiation  after 
they  have  received  a  dose  during  repair. 

4.  Consideration  should  be  given  to  arranging  quick  connections  for  splic¬ 
ing  together  cables,  which  might  be  used  as  jumpers  around  areas  of 
extensive  damage. 

RECOMMENDATIONS  FOR  FURTHER  WORK 

This  study  has  demonstrated  the  feasibility  of  using  shielded  repair  vehicles 
to  accomplish  repairs  to  communication  Units.  Further  work  is  now  required  in 
operations  analysis  and  system  engineering  to  determine  the  specific  requirements 
for  a  technically  and  economically  satisfactory  system. 

As  a  result  of  this  study,  it  can  be  seen  that  the  operational  capability  of  a  re¬ 
pair  vehicle  is  affected  by  many  factors,  some  of  which  are  controllable  and  some 
of  which  are  not  controllable.  The  most  Important  of  the  controllable  factors  are: 

1.  The  location  of  repair  vehicle  depots 

2.  The  adequacy  of  damage  reconnaissance  and  vehicle  dispatching 
procedures 
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3.  The  adequacy  of  personnel  training 

4,  The  advance  planning  of  repair  procedures  and  emergency  supply 
stores. 

Among  the  factors  that  generally  cannot  be  controlled  are: 

1.  The  number,  placement,  and  timing  of  the  attacking  weapons 

2.  The  production  of  radiation  hot-spots  by  precipitation,  topography, 
and  man-made  objects 

3.  Road  congestion  and  damage. 

These  factors  must  be  taken  into  consideration  both  in  the  design  of  a  repair  vehicle 
and  in  the  planning  of  operational  procedures  for  such  a  vehicle.  The  controllable 
factors  require  further  study,  and  an  analysis  must  bo  made  of  the  effect  of  varying 
the  quantities  over  which  the  planner  has  control,  to  arrive  at  a  vehicle  design  and 
operational  plans  that  cope  most  effectively  with  a  number  of  possible  combinations 
of  the  uncontrollable  factors.  It  is  felt  that  these  factors  should  be  analyzed  In 
more  detail  than  was  possible  in  this  study. 

Thus,  it  is  recommended  that  the  following  additional  studies  be  made; 

1.  An  analysis  of  the  damage  assessment  problem,  to  determine:  a)  the 
methods  that  should  be  used  in  locating  damage,  Including  methods 
such  as  the  use  of  remote  indicators  in  switching  centers  and  recon¬ 
naissance  by  helicoptors  or  other  vehicles,  b)  the  extent  to  which  the 
repair  vehicles  should  be  used  for  reconnaissance,  c)  the  accuracy 
with  which  the  location  and  the  nature  of  the  damage  can  be  determined, 
and  d)  the  time  required  for  performing  damage  assessment. 

2.  An  analysis  of  the  problems  involved  in  providing  garages  for  vehicles , 
to  determine:  a)  the  number  and  the  locations  of  garages  relative  to 
areas  of  expected  damage,  b)  the  amount  of  blast  and  fallout  protection 
required  by  the  garages ,  c)  the  functional  requirements  of  garages  for 
living  facilities,  vehicle  maintenance  and  servicing,  decontamination, 
communications,  and  cable  and  equipment  storage. 
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3.  An  analysis  of  the  functional  requirements  of  the  repair  vehicles  in 
such  areas  as:  a)  visibility,  b)  terrain  traversing  capability,  c)  facil¬ 
ities  for  accomplishing  repair  tasks  within  the  vehicle,  and  d)  self- 
decontamination  capability. 

4.  A  study  to  obtain  empirical  data  on  attenuation  factors  of  specific 
vehicles  through  the  use  of  scale  models  of  vehicles  and  physical 
simulation  of  fallout  radiation. 

6.  An  investigation  of  methods  of  restoring  microwave  communications 
through  the  use  of  temporary  measures  such  as  spare,  retractable 
towers  and  highly  mobile  replacements  for  microwave  equipment, 
e.  g. ,  balloon-supported  antennae. 
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APPENDIX  A 

BACKGROUND  INFORMATION  ON  FALLOUT 

This  Appendix  contains  background  material  relating  to: 

1.  Factors  influencing  fallout 

2.  Assumptions  involved  in  the  Tech/Ops  fallout  model 

3.  Differences  between  instantaneous  dose  rates  and 
cumulative  doses 

4.  Human  tolerance  to  radiation. 
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BACKGROUND  INFORMATION  ON  FALLOUT 

FACTORS  INFLUENCING  FALLOUT 

WEAPON  TYPE 

Nuclear  weapons  are  characterized  by  two  parameters:  (1)  weapon  yield,  or 
size,  and  (2)  the  per  cent  of  the  yield  attributable  to  fissionable  material.  The 
size  of  the  crater  formed  by  the  weapon  is  determined  by  the  weapon  size,  which 
determines  also  the  size  of  the  fireball  and  the  altitude  to  which  the  fireball  rises 
(all  other  conditions  being  the  same).  The  size  and  altitude  of  the  fireball,  in  turn, 
determine  the  cloud  height  and  its  physical  dimensions,  which,  in  turn,  influence 
the  particle  deposition,  Thus,  in  a  consideration  of  deposition  patterns,  variation 
in  yield  or  weapon  size  has  a  primary  effect  on  the  geographic  distribution  of  the 
fallout  particles. 

The  amount  of  radioactivity  in  the  cloud  is  directly  dependent  upon  the  amount 
of  fissionable  material  in  the  bomb.  Therefore,  the  amount  of  fissionable  material 
In  the  bomb  influences  intensity  levels  within  the  geographic  distribution  of  the 
particles. 

PARTICLE  SIZE  DISTRIBUTION  IN  CLOUD 

Radioactive  particles  are  distributed  throughout  the  cloud,  but  the  very  heavy 
particles  remain  in  the  stem  rather  than  rising  as  far  as  the  cloud.  Fallout  par¬ 
ticles  have  been  found  to  have  diameters  ranging  from  10  to  2000  ft  (microns). 

These  particles,  at  the  instant  of  stabilization,  are  in  the  cloud.  Later  they  fall 
to  the  ground  under  the  influence  of  gravitational  and  meteorological  forces.  The 
particle  size  distribution  within  the  cloud  influences  the  fallout  levels  at  downwind 
points ,  because  particles  issuing  from  various  altitudes  terminate  their  fall  paths 
at  different  points  downwind , 

WIND  FIELD  FROM  TOP  OF  CLOUD  TO  GROUND 

The  wind  speed  and  direction  are  not,  in  general,  constant  from  the  top  of  the 
cloud  to  the  ground.  This  variation  in  the  wind  field  affects  fallout  levels  downwind, 
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because  the  particles  are  acted  upon  by  the  wind  currents  at  the  different  altitudes 
through  which  they  fall. 

RADIOACTIVITY  ASSOCIATED  WITH  DIFFERENT  PARTICLE  SIZES 

Although  fallout  particles  have  been  found  with  diameters  ranging  from  10  to 

2000  k,  the  bulk  of  the  radioactivity  is  carried  by  particles  in  the  range  of  50  to 

500  n, 1  Because  larger  particles  fall  more  rapidly  than  smaller  particles,  the 

r 

particle  size  activity  distribution  has  an  important  influence  on  the  distribution  of 
fallout  on  the  ground. 

ASSUMPTIONS  INVOLVED  IN  THE  TECH/OPS  FALLOUT  MODEL 

Before  discussing  the  actual  fallout  model  used  in  this  study  and  the  way  in 
which  the  factors  influencing  fallout  are  taken  into  consideration,  some  mention 
should  be  made  of  tho  problems  that  arise  in  constructing  a  fallout  model  due  to 
the  lack  of  detailed  experimental  data.  The  scarcity  of  data  is  evident  particularly 
In  the  case  of  megaton-size  weapons;  all  fallout  models  proposed  by  various  agen¬ 
cies  during  the  past  several  years  have  been  hampered  because  of  this.  Conse¬ 
quently,  the  fallout  model  must  be  based  on  a  number  of  plausible  assumptions. 

In  addition,  it  is  desirable  to  make  further  assumptions  in  order  to  simplify  the 
computations  so  that  they  can  be  carried  out  without  recourse  to  a  digital  computer. 

The  needed  assumptions  are  discussed  in  the  Tech/Ops  report,  "The  Probable 

2 

Fallout  Threat  Over  the  Continental  United  States ,  "  Only  a  brief  outline  of  these 
assumptions  is  presented  here ;  the  reader  is  requested  to  refer  to  the  document 
for  a  further  explanation.  Since  there  are  two  reasons  for  making  assumptions  — 
the  absence  of  experimental  data  and  the  simplification  of  the  calculations  —  they 
will  be  listed  under  these  two  categories. 

Assumptions  Made  Because  of  the  Absence  of  Experimental  Data 

1.  The  instant  of  stabilization  is  considered  to  be  ten  minutes  after  weapon 
burst  for  all  megaton-size  weapons. 

1E.  Callahan,  et  al. ,  "The  Probable  Fallout  Threat  Over  the  Continental 
United  States,':  Technical  Operations,  Inc.  ,  Report  No,  TO-B  60-13  (1  December 
1960)  p.  98. 

2Op.  cit. 
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2.  The  radioactivity  in  the  cloud  is  distributed  lognormally  with  respect  to 
particle  size,  as  shown  in  Figure  A-l. 

3.  The  radioactivity  per  unit  volume  decreases  with  increasing  altitude  in 
proportion  to  the  decrease  in  air  density. 

4.  The  particles  have  the  shape  of  irregular  spheres, 

5.  In  any  horizontal  cross  section  of  the  cloud,  the  activity  per  unit  area  is 
constant. 

Assumptions  Made  to  Simplify  Calculations 

1.  The  horizontal  wind  pattern  that  exists  over  ground  zero  at  the  time  of  the 
weapon  burst  does  not  change  greatly  during  the  fallout  process. 

2.  There  are  no  vertical  wind  currents. 

3.  The  cloud  has  the  shape  of  an  inverted  truncated  cone  at  the  instant  of  sta¬ 
bilization. 

4.  Particles  within  the  stem  of  the  cloud  do  not  contribute  significantly  to  the 
total  fallout.  (Partioles  from  the  stem  tend  to  land  very  close  to  ground 
zero,  where  blast  damage  and  other  immediate  effects  are  more  severe. 
Also,  it  is  estimated  that  the  stem  contains  less  than  10%  of  the  total 
activity. ) 

5.  The  total  amount  of  fallout  that  might  land  at  any  point  after  a  nuclear  attack 
is  likely  to  be  the  result  of  more  than  one  nuclear  weapon.  However,  there 
are  no  experimental  data  on  multiple  weapon  detonations.  Consequently, 

the  fallout  model  is  based  on  a  single  burst.  In  the  case  of  multiple  weapons, 
we  have  assumed  that  the  fallout  effects  of  several  bombs  are  additive  — 
i.  e. ,  the  dose  rate  contours  can  be  added  at  any  point  at  which  the  contours 
obtained  from  several  weapons  overlap. 

DIFFERENCES  BETWEEN  INSTANTANEOUS  DOSE  RATES  AND 
CUMULATIVE  DOSES 

For  the  purpose  of  this  study,  a  fallout  model  was  constructed  that  accounts 
for  the  effects  of  wind,  particle  size  distribution,  weapon  size,  etc. ,  by  an 
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PER  CENT  OF  ACTIVITY  ON  PARTICLES  OF  SIZES  LESS  THAN  X 


(Based  on  data  taken  by  the  Naval  Radiological  Defense  Laboratory) 
Figure  A-l,  Activity  Distribution  by  Particle  Size 
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integrating  process  using  appropriate  cloud  volume  subdivisions.  This  model  will 
be  discussed  in  detail  in  a  forthcoming  report,  and  the  discussion  will  not  be  re¬ 
peated  here,  The  output  of  this  model  is  a  set  of  contours  of  instantaneous  dose 
rates,  which  indicate  the  rate  at  which  radiation  doses  would  be  received  by  un- 
sheltered  persons.  Instantaneous  dose  rates  are  expressed  in  roentgens  per  hour. 

Due  to  the  decay  of  the  particle  radioactivity,  dose  rates  are  not  constant  over 
periods  of  time,  even  if  all  particles  have  arrived  on  the  ground.  For  example,  an 
instantaneous  dose  rats  of  400  r/hr  (roentgens/hour)  at  one  hour  after  weapon  burst 

4 

will  not  be  400  r/hr  at  two  hours ,  but  will  have  decayed  to  a  different  value. 

Thus,  it  is  necessary  to  time-tag  the  instantaneous  dose  rates  (i.  e. ,  to  speak  of 
x  r/hr  at  y  hours)  in  order  for  the  rates  to  have  any  meaning. 

It  can  be  seen,  then,  that  an  instantaneous  dose  rate  cannot  be  converted  to  a 
total  radiation  dose  by  simply  multiplying  by  the  time  of  exposure.  When  computing 
a  radiation  dose  at  a  particular  point  or  within  a  certain  area,  it  is  necessary  to 
integrate  the  instantaneous  dose  rate  over  the  desired  period  of  time. 

HUMAN  TOLERANCE  TO  RADIATION- 
NUCLEAR  RADIATION  EFFECTS  WITHIN  ONE  TO  TWO  DAYS  AFTER  DOSE 

The  restoration  of  communication  facilities  following  a  nuclear  attack  requires 
the  ability  of  the  repair  teams  to  perform  the  necessary  actions  within  one  to  two 
days  immediately  after  the  attack.  During  the  period  of  time  from  one  to  two  days 

5 

after  the  receipt  of  an  acute  dose ,  the  symptoms  of  radiation  sickness  are  mani¬ 
fested  by  nausea  and  vomiting.  Shortly  thereafter,  fatigue  takes  effect,  followed 
by  an  indeterminate  period  during  which  the  eventual  death  or  gradual  recovery 
Is  determined,  depending  upon  the  magnitude  of  the  dose.  Table  2  (p.13)  Is  based 
on  the  results  of  animal  experiments  as  well  as  on  conclusions  drawn  from  observa¬ 
tions  made  of  the  individuals  exposed  in  Japan  and  on  the  Marshall  Islands, 

"  3 

U.S.  Government  Printing  Office,  "Nature  of  Radioactive  Fallout  and  Its 
Effects  on  Man"  (Washington,  D.  C. :  1958)  Part  I,  Up.  779,  p.  794. 

± 

Providing  that  no  additional  radioactivity  has  arrived  in  the  vicinity  of  the 
point  of  measurement  in  the  meantime. 

5 

A  dose  received  over  a  short  period  of  time. 
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The  severity  of  radiation  sickness  and  the  probability  of  death  occurring 
within  one  to  two  months  after  the  attaok  will  be  determined  within  the  first  two 
to  four  days  of  exposure.  Additional  exposure  to  radiation  after  this  initial 
period  will  not  affect  the  reooverable  portion  of  the  injury,  because  the  decline 
of  the  effective  dose  or  net  injury  after  about  four  days  indicates  that  the  recover¬ 
able  portion  of  the  injury  is  being  repaired  more  rapidly  than  the  rate  of  additional 
injury,  due  to  continuing  exposure  to  fission  products  undergoing  radioactive  decay. 

A  chronological  summary  of  the  clinical  symptoms  of  radiation  sickness  of 
three  degrees  of  severity  is  given  in  Table  3  (p.  14).  Further  data  gathered  from 
several  peacetime  nuclear  accidents  are  summarized  in  Table  4  (p.  15). 

RECOVERY  RATE  AND  IRREPARABLE  INJURY 

Recuperation  from  radiation  injury  is  expressed  in  terms  of  the  amount  of 
time  required  to  achieve  a  given  level  of  recovery.  A  level  of  50  per  cent  recov¬ 
ery  has  been  arbitrarily  chosen,  and  the  amount  of  time  required  for  a  50  per  cent 
recovery  lias  been  named  the  recovery  half-life.  Recovery  half-lives  have  been 
experimentally  determined  for  mice,  rats,  guinea  pigs,  dogs,  and  burros.  Strong 
evidence  has  been  found  to  lndloate  that  the  response  of  man  to  irradiation  is  qual¬ 
itatively  similar  to  that  of  various  animals. 

A  certain  amount  of  empirical  evidence  has  been  gathered  on  the  response  of 
Individuals  to  various  levels  of  radiation  exposure.  One  of  the  best  single  indices 
of  radiation  siokness  in  man  is  the  number  of  white  blood  cells  in  the  blood  stream. 
"Of  the  portions  of  the  body  that  are  accessible  for  examination,  circulating  blood 
is  the  one  which  is  affected  the  earliest  and  the  most  profoundly  by  large  amounts 
of  ionizing  radiation.  It  Is,  therefore,  a  sensitive  and  easily  studied  gauge  not 

only  of  the  severity  of  the  effects  of  radiation  but  also  of  the  character  and  degree 

*  „7 

of  recovery. " 

6J.  F.  Batter,  E.D.  Callahan,  E.T.  Clarke,  and  P. I,  Richards,  "Time 
Scheduling  for  Emergency  Operations  in  a  Fallout  Environment, "  Technical  Oper¬ 
ations,  Incorporated,  Report  No.  TO-B  59-15  (7  January  1960)  p.  9. 

7 

Joint  Commission  for  the  Investigation  of  the  Effects  of  the  Atomic  Bomb  on 
Japan,  "Medical  Effects  of  Atomic  Bomb, "  Army  Institute  of  Pathology  (19  April 
1951). 
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The  white  blood  count  response  in  man  provides  a  reasonable  check  against 
the  recovery  half-life  extrapolation  determined  from  the  various  animal  experi¬ 
ments  and  indicates  that  the  recovery  half-life  of  man  is  approximately  25-35 
days. 

The  irreparable  injury  results  in  the  lowering  of  the  effective  median  lethal 
dose  (450  r)  for  subsequent  exposures  to  radiation  after  the  time  when  the  recov¬ 
ery  process  should  have  been  substantially  completed.  There  is  a  general  con- 

g 

sens  us  as  to  the  existence  of  a  permanent  effect,  although  no  agreement  has  been 
reached  as  to  whether  the  effect  is  constant,  varies  with  the  dose  rate,  or  varies 
with  the  magnitude  of  the  total  dose. 

LONG  TEEM  NUCLEAR  RADIATION  EFFECTS 

The  long  term  effects  of  nuclear  radiation,  such  as  genetic  offocts,  cataracts, 
and  leukemia,  may  not  appear  for  some  years  after  exposure.  Examination  of 
Japanese  victims  revealed  that  patients  suffering  from  cataracts  and  leukemia  as 
a  result  of  the  respective  explosions  were  within  one  mile  of  ground  2ero  and 
must  have  received  doses  approaching  the  median  lethal  value  of  450  roentgens. 

The  following  remarks  are  taken  from  a  Tech/Ops  report  prepared  for  the 
Office  of  Civil  and  Defense  Mobilization,  "Summary  of  Long-Term  Biological 

Q 

Effects  of  Radiation, "  and  concern  an  acute  exposure  of  a  large  population  to 
about  100  roentgens  of  whole-body  radiation. 

"1.  The  spontaneous  gene-mutation  rate  in  exposed  individuals  would  be 
doubled  or  tripled.  If  a  birth  rate  of  100, 000, 000  per  generation  is  assumed  for 
the  United  States,  a  total  of  about  4,000,000  new,  severe  genetic  defects  might 
appear  in  future  generations,  10%  of  these  probably  occurring  in  the  first  gener¬ 
ation.  (This  figure  of  4, 000, 000,  or  4%  of  births,  is  about  equal  to  the  per  cent 
of  major  defects  that  occur  normally  in  our  present  population. ) 


O 

J.  S.  Krebs,  R,  W.  Brauer,  and  H.  Kalbach,  "Analysis  of  the  Non-Recovera- 
ble  Injury  Resulting  from  X-Irradiation, "  paper  presented  before  The  Radiation 
Research  Society  (N.  Y. ,  N.  Y. :  May  1955). 

9A.  L.  Kaplan,  "Summary  of  Long-Term  Biological  Effects  of  Radiation, " 
Technical  Operations,  Inc. ,  Report  No.  TO-B  60-29  (15  May  1961). 
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"2.  The  relation  between  carcinogenesis  and  radiation  exposure  dose  is 
not  well  known.  Indications  are  that  a  whole-body  exposure  of  about  100  r  would 
at  least  double  the  spontaneous  production  of  cancer  cells.  However,  the  produc¬ 
tion  by  radiation  would  be  more  concentrated  in  both  location  in  the  body  and  in 
time,  making  the  risk  of  tumor  production  considerably  more  than  twice  as  great 
from  radiation  as  from  spontaneous  mutation. 

"3.  There  is  not  yet  general  agreement  as  to  whether  leukemia  incidence 
is  linear  with  exposure  dose.  Analysis  of  a  collection  of  data  related  to  leukemia 
incidence  in  various  exposed  and  unexposed  population  groups  yields  an  order  of 
magnitude  of  about  20,000  cases  of  leukemia  per  year  in  a  population  of  100, 000,000 
people  exposed  to  100  r  of  whole-body  radiation.  This  compares  with  the  present 
normal  rate  of  about  6000  cases  per  year  per  100,000,000  population. 

"4.  Life-span  shortening  In  man  due  to  the  acceleration  of  aging  processes 
is  estimated  to  be  about  5  to  10%  per  100  r  exposure  for  exposed  individuals  of 
about  20  years  of  age. 

"6.  It  should  be  re-emphasized  that  these  conclusions  regarding  the  long- 
range  reactions  of  man's  biological  system  to  a  dose  of  the  order  of  100  r  are  based 
on  the  assumption  that  the  biological  response  Involved  is  directly  proportional  to 
the  radiation  exposure  dose.  Each  conclusion,  except  number  three,  is  based  on 
extrapolations  from  animal  data .  .  .  .  " 
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A.T.&T,  REPAIR  VEHICLES 

This  appendix  contains  illustrations  of  three  of  the  vehicles  that  are  currently 
used  by  the  American  Telephone  and  Telegraph  Company  (A.  T.&  T. )  for  the  instal¬ 
lation  and  repair  of  cables  and  wires.  These  illustrations  have  been  included  to 
show  the  most  highly  meohanized  equipment  that  is  available  for  emergency  re¬ 
pair  work.  All  three  vehicles  are  used  by  crews  of  one  or  two  men  and  allow 
more  rapid  construction  and  repair  work  than  any  previously  used  A.  T.  &  T. 
vehicles.  The  approximate  sizes  of  the  storage  areas  for  equipment  and  supplies 
on  the  vehicles  are  apparent  from  the  illustration;  they  were  useful  in  estimating 
shielded  volume  requirements. 


Figure  B-l.  Cable  Stringing  Truck 
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BODY  AND  LADDER 
CHASSIS  AND  CAB 
AVERAGE  EQUIPMENT 
PAYLOAD  AND  PERSONNEL 


3,000  POUNDS 
4,633  POUNDS 
3,670  POUNDS 
2,707  POUNDS 


TOTAL  13,000  POUNDS 


WIDTH  OF  CAB  84  INCHES 
HEIGHT  OF  LADDER  116  INCHES 
IN  NORMAL  POSITION 


Figure  B-2.  Aerial-Cable  Splicing  Truck 


average  equipment 

CHASSIS  AND  CAB 
PAYLOAD  AND  PERSONNEL 


3,700  pounds 
3,323  POUNDS 
3,167  POUNDS 
3,808  POUNDS 


TOTAL  18,000  POUNDS 


IN 


HEIGHT  OF  CAB 
HEIGHT  OF  BODY 
NORMAL  POSITION 


83  INCHES 
106  INCHES 


Figure  B-3.  Pole  Setting  Truck 


